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THE   PINE    SNAKE    OF   NEW  JERSEY. 

BY   REV.  SAMUEL   LOCKWOOD,  PU.D. 

In  the  "  pines"  of  southern  New  Jersey,  which  probably  is  the 
northern  limit  of  the  species,  is  a  notable  serpent,  reputed  to 
attain  the  gi-eat  length  of  Tiearl3'  twelve  feet,  and  whose  body  is 
then,  in  common  parlance,  *'  as  thick  as  3'our  arm,"  or  in  more 
moderate  speech,  from  three  and  a  half  to  four  inches  in  diameter. 
Not  that  the  writer  has  seen  any  of  such  dimensions,  but  he  gives 
what  may  be  called  the  mean  of  popular  observations.  This  rep- 
tile has  a  8hin3'  coat  of  a  soft  cream}'  white,  upon  which  is  laid, 
much  in  the  Dolly  Varden  mode,  show}'  mottlings  or  blotches, 
which,  beginning  at  the  neck,  are  of  an  intensely  dark  brown  or 
chocolate  color,  but  which  toward  the  tail  lighten  up  into  a  pale 
bright  chestnut.  Such  is  the  pine  snake ;  and  its  habitat  and 
traits  are  well  expressed  in  the  beautifully  significant  name  which 
science  has  given  it  —  Pituophis  melanoleucus^  which  litejaliy 
means,  *'  the  black  and  white  serpent  of  the  pines."  If  one  con- 
sider the  formidable  size  it  is  said  to  reach,  together  with  its 
notably  harmless  nature,  and  the  splendid  adornings  of  its  scaly 
armature,  distinguished  mention  must  be  made  of  this  reptile,  as 
the  most  remarkable  serpent  of  the  Eastern  States. 

The  first  time  I  saw  the  pine  snake  alive  was  eighteen  ye^rs 
ago.  1  was  on  the  steamboat  going  from  Keyport  to  New  York. 
It  was  the  berry  season,  and  persons  from  the  pines  were  on 

EntcT*^,  accordliigto  Actof  CoiiKress,  In  the  year  1876,  by  the  Pxabody  Academy  of 
SC1ZNC£,  111  tbf  OfBce  of  tbe  Librarlaa  oi  Congress,  at  Wattlilugion. 
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board  taking  their  eggs  and  "huckleberries"  to  the  city  market. 
The  Pines,  so  called,  had  not  up  to  that  time  been  visited  by  me. 
*'Forrard"  of  the  boat,  being  the  place  where  the  hucksters, 
farmers  and  fishermen  most  did  congregate,  was  a  sudden  and 
unusual  commotion.  One  solitary  woman  held  her  own  in  this 
crowd  of  men.  She  was  from  the  Pines,  and  in  her  way  was  an 
intensely  thorough-going  business  bod}'.  She  had  a  wagon-load 
of  eggs  and  berries,  which  latter  she  had  bought  of  the  pickers, 
and  on  them  she  expected  to  ''  realize"  handsomely.  The  assist- 
ant captain,  an  elderly  and  corpulent  man,  was  collecting  the  fare. 
Approaching  the  female  huckster,  Nvhom  he  knew  well,  he  accosted 
her  with  *'  Come,  Peggy,  your  fare."  "Yes,  Cap'en,  but  jist  hold 
my  comforter  till  I  git  my  pus  out."  And  in  a  trice  a  pair  of  pine 
snakes,  concealed  beneath  the  woman's  shawl,  were  slung  around 
the  captain's  neck.  The  old  man's  example  was  electric  !  Such 
accelerated  evolutions  I  It  seemed  neck  or  nothing  with  every- 
body but  the  huckster  woman,  who  sat  shaking  with  laughter. 
She  had  retained  hold  of  the  reptiles  by  the  tails,  so  that  they 
were  left  in  her  hands.  She  was  taking  them  to  Barnum,  who 
probably  would  give  her  a  few  shillings,  and  a  few  tickets  to  his 
show.  Prof.  Baird  had  just  before  requested  me  to  get  a  pair  of 
these  reptiles  for  the  Smithsonian.  My  mind  was  made  up  that 
these  sliould  go  to  the  Professor.  At  this  juncture  a  fisherman, 
whispered  into  the  woman's  ear,  "  Keep  your  eyes  skinned.  Aunty, 
a  science  man 's  around."  .The  woman  became  at  once  very  exact- 
ing. 1  bought  the  pair  at  an  unreasonable  price ;  but  an  acci- 
dent prevented  their  ever  seeing  Washington.  They  were  of 
both  sexes,  I  think,  and  were  about  three  and  a  half  feet  long. 
Their  harmlessness  surprised  me.  Even  my  little  children  played 
with  them.  Indeed  the  late  Prof.  Torrey,  a  good  many  years  ago, 
had  a  pair  that  were  allowed  the  freedom  of  his  study  floor.  The 
female  of  my  pair  laid  seven  eggs,  each  about  five-eighths  of  an 
inch  long.     From  their  size  tliey  must  have  been  premature. 

Three  summers  ago  a  friend  captured  a  fine  female  specimen 
and  sent  me.  It  was  in  good  condition,  nearly  six  feet  in  length, 
and  as  thick  as  my  wrist.  To  my  surprise  the  beast  was  incoiTi- 
gibly  irritable,  and  kept  up  a  vicious  blowing,  and  darting  at  me, 
each  time  hitting  h£r  nose  against  the  glass  cover  of  her  box,  so 
that,  much  to  my  grief,  she  knocked  off  the  hard  scale  on  the  tip 
of  her  snout.    The  cause  of  this  unexpected  conduct  was  not  fai* 
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to  seek.  The  poor  thing  had  tlie  cares  of  maternity  coming  upon 
her.  On  the  18th  of  July  she  laid  twelve  white  eggs ;  and  a 
beautifnl  sight  did  the}'  present.  There  were  two  clusters,  the 
eggs  adhering  to  one  another.  Two  of  the  eggs  were  under  the 
average  size.  These  seemed  to  have  been  laid  first.  There  was 
one  still  smaller  which  seemed  to  have  been  laid  the  last.  In  one 
of  these  clusters  were  seven  eggs  and  in  the  other  five.  I  was 
astonished  at  their  size.  A  single  egg  measured  twenty-two  lines 
in  length,  and  sixteen  in  width.  They  were  in  fact  as  large  as 
the  eggs  of  an  ordinary  bantam  fowl.  One  of  them  weighed  543 
grs.,  and  the  whole  weighed  about  fifteen  ounces  avoirdupois. 
They  were  of  nearly  the  same  form  and  size  at  each  end,  except 
that  at  the  upper  end,  or  the  end  last  evicted,  was  a  little  cusp,  or 
teat-like  prominence,  precisely  such  as  characterizes  the  fossil  cop- 
rolites,  and  due  to  the  same  cause,  the  nipping  off,  or  closing  up 
of  the  cloaca,  as  the  egg  in  its  soft  condition  passed  out.  The 
eggs  at  this  precise  moment  must  be  quite  soft,  as  they  were 
agglutinated  together  side  by  side.  An  attempt  to  separate  a 
pair  succeeded  in  pulling  off*  a  portion  of  the  shell  which  adhered 
to  the  other  egg.  In  this  regard  the  resemblance  to  insect  eggs 
was  striking.  The  shell  had  a  fine  and  pretty  marking,  as  of 
reticulation. 

An  attempt  was  made  to  hatch  the  eggs,  but  without  success- 
They  were  put  in  a  box  of  sand,  which  was  moistened,  and  every 
effort  made  to  preserve  the  proper  temperature  by  keeping  it 
warm  ;  but  the  eggs  perished.  It  is  curious  that  in  all  my  inquiry 
of  the  old  settlers  in  the  Pines,  I  have  learned  nothing  about  the 
eggs  of  the  pine  snake,  —  no  one,  so  far  as  I  could  ascertain,  had 
ever  seen  them. 

It  is  interesting  to  observe  the  pine  snake  drink.  It  lays  its 
head  usually  flat  upon  the  water,  letting  the  lower  jaw  just  sink  a 
little  below  the  surface,  when  with  a  very  uniform  movement,  the 
water  is  drawn  up  into  the  mouth  and  passed  into  its  throat.  It 
is  the  same  as  the  drinking  of  a  horse  ;  that  is,  it  is  a  true  drink- 
ing. With  a  snake,  lapping  is  an  impossibility ;  the  form  and 
position  of  the  tongue  are  unsuited  for  such  an  act.  The  tongue 
of  a  serpent  is  like  a  flattened  cord,  divided  at  the  forward  end 
into  two  pointed,  threads  as  soft  and  flexible  as  silken  fibres.  This 
delicate  organ  is  projected  from  a  round  orifice  in  the  middle,  and 
somewhat  forward  of  the  trough  or  hollow  of  the  lower  jaw.    And 
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a  ver}'  beautiful  functional  arrangement  all  this  is ;  for  as  migbt 
be  conjectured,  when  swallowing  its  prey  entire,  the  tongue  must 
be  put  out  of  the  wa3\  In  this  emergency  it  actually  disappears 
from  the  mouth  altogether,  being  withdrawn  at  the  orifice  men- 
tioned. Drinking,  with  the  pine  snake,  is  a  slow  affair.  I  have 
several  times  watched  it  by  the  clock.  Once  it  drank  exactly  five 
minutes  without  taking  breath.  It  then  paused,  looked  about  for 
three  minutes,  and  went  at  drinking  again,  occupying  precisely 
five  minutes  as  before,  thus  making  ten  minutes.  The  amount  of 
water  drank  was  a  little  over  a  gill.  Previous  to  this  drinking 
she  had  been  without  water  four  weeks. 

The  reptiles  have  seemed  to  me  speciallj'^  to  be  capricious  and 
fastidious  about  feeding  in  confinement.  The  pair  of  small  pine 
snakes  mentioned  at  the  outset  ate  young  chickens  just  from  the 
nest,  but  would  not  touch  mice.  My  large  one  for  a  whole  month 
after  laying  her  eggs  had  not  eaten  anything.  A  young  chimney 
swallow  was  given  her,  but,  though  the  little  thing  fluttered  and 
cried,  she  took  no  notice  of  it.  A  young  chick  three  daj's  old  was 
offered,  nor  would  she  notice  it.  Both  birds  were  removed  unhurt, 
in  fact,  untouched.  A  rat  with  a  limb  broken  b}'  the  trap  was 
next  put  in  her  box.  Her  attention  was  at  once  aroused.  After 
looking  intently  at  it  for  a  minute,  she  made  a  sudden  dart,  strik- 
ing the  rat  on  its  side  with  her  nose.  With  a  squeak,  the  poor 
thing  turned  its  face  towards  its  grim  assailant.  The  latter  with 
head  erect,  but  motionless,  and  tongue  quivering,  kept  its  eyes 
steadily  on  its  victim.  There  was  a  sudden  spring,  and  the  rat's 
nose  was  in  the  grip  of  the  monster  s  mouth.  Quickly,  but  delib- 
erately, the  snake  held  its  victim  against  the  side  of  the  box  ;  then 
setting  the  sharp  edge  of  each  of  the  long  scuta  or  abdominal 
scales  on  the  floor,  as  a  fulcrum,  brought  a  part  of  its  body,  like 
the  convex  side  of  a  strong  bow,  against  its  prey,  forcing  it  to  the 
side  of  the  box  with  a  compression  that  made  the  bones  of  the  rat 
give  a  crackling  sound.  The  suffering  of  the  victim  w^as  but  for 
a  moment,  as  I  have  no  doubt  that  the  spine  was  broken  instantly. 
Although  the  prey  was  quite  dead,  there  was  still  that  singular 
deliberation,  and  several  minutes  elapsed  before  that  compression 
was  relaxed.  Quietly  now  the  snake  began  the  act  of  swallowing 
its  prey.  It  commenced  with  the  head.  The  action  of  the  crea- 
ture is  very  interesting.  It  is  not  by  a  uniform  movement  of  the 
entire  prey  that  the  swallowing  is  performed.     The  snake  opens 


Digitized  by  VjOOQIC 


THE    PINE   SNAKE   OP   KEW  JERSEY.  O 

its  mouth  widely  on  one  side,  and  then  gives  a  slight  hiteh  with  its 
outer  teeth,  or  the  teeth  on  the  opened  side  of  the  mouth.  This 
done  the  mouth  is  kept  closed  on  that  side  of  its  pre}',  and  the 
other  side  of  the  mouth  is  now  opened,  and  the  same  hitching  gone 
through ;  and  so  the  action  is  alternated,  the  hitching  being  about  ' 
two  minutes  on  each  side  by  turn.  It  is  pretty  much  as  if  the  fin- 
ger of  a  tight  thread  glove  should  be  drawn  on  by  using  the  nails 
of  a  thumb  and  finger  successively  on  the  sides.  This  is  a  beau- 
tiful mechanical  movement,  by  which  the  force  applied  is  admi- 
rably economized,  a  prime  consideration  when  food  in  a  mass  much 
liu-ger  than  the  head  and  neck  of  the  snake  is  to  be  passed  entire 
through  the  gullet.  The  swallowing  is  so  extremely  slow  that  the 
movement  is  practically  imperceptible.  With  watch  in  hand  I 
found  when  the  hind  legs  of  the  rat  disappeared  twenty  minutes 
bad  elapsed  since  the  swallowing  began.  The  tail  of  the  prey  is 
the  last  to  disappear.  But  in  the  final  movement  the  mouth  of  the 
snake  takes  no  part.  The  body  having  passed,  the  gullet  there  is 
a  vigorous  muscular  action  along  the  long  thorax.  To  our  aston- 
ishment we  now  heard  again  that  singular  crepitating  sound  which 
resembled  the  breaking  of  the  bones  ;  could  it  be  the  breaking  of 
the  ribs?  In  slowness  of  eating  and  drinking  our  ophidian  fulfils 
strictly  the  precept  of  the  most  exacting  hygienist.  But  what 
about  the  breathing  for  those  twenty  minutes  during  which  the 
entire  throat  was  closed  as  tightly  as  the  wadding  stops  up  a  gun? 
Surely  for  the  time  being  respiration  was  absolutely  checked.  As 
if  to  make  up  for  this  estoppel  of  its  breath,  the  creature  is  now 
gaping  so  widely  that  a  fine  opportunity  is  afforded  to  inspect  the 
interior  of  its  mouth. 

A  fact  observed  here,  as  also  when  1  fed  the  smaller  ones  with 
birds,  was  that  the  snake  did  not  beslime  or  lubricate  its  victim 
before  swallowing.  I  had  expected  to  see  this,  for  I  once  caught 
a  large  black  snake,  Bascanion  constrictor^  robbing  a  nest  of  3'oung 
birds.  The  nest  was  in  a  hummock  of  grass  in  a  swamp.  It  had 
two  birds  on  the  groun<l,  one  of  which  was  literally  enveloped  in 
white  slime,  like  a  fly  in  a  cobweb,  and  the  other  was  in  process 
of  lubrication.  Unfoi-tunately  the  snake  saw  me,  and  the  process 
was  stopped,  as  the  animal  now  tried  to  escape. 

By  the  old  settlers  in  the  Pines,  this  reptile  is  often  called  the 
bull  snake,  because  of  the  remarkable  sound  it  makes  when  blow- 
ing.    A  case  was  told  me  of  a  large  pine  snake  being  captured  by 
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a  farmer's  boy,  who  tied  a  string  around  its  tail,  and  having 
taken  it  home,  tied  the  string  to  a  small  bush  near  the  kitchen 
door.  Not  intending  anything,  the  boy  said  nothing  about  it. 
As  the  family  were  at  supper,  the  snake  commenced  blowing. 
This  was  heard  by  the  good  mother,  who  cried  out,  "  There,  that 
bull's  got  into  the  corn  field  again  !  "  The  boy  broke  into  laugh- 
ter, and  then  told  what  he  had  done.  And  well  do  I  remember 
my  boyish  terror  at  hearing  a  similar  sound.  It  was  the  restrained 
bellowing  of  a  bull,  which  came  upon  me  suddenly  in  a  field. 
There  is  nothing  sibilant  m  this. blowing  of  the  pine  snake,  not 
the  slightest  hiss  about  it.  The  animal  slowly  fills  its  long  thorax 
with  air,  and  then  expels  it  with  a  bellowing  which  is  reall}^  for- 
midable. 

Observations  made  on  an  animal  in  confinement  should  be 
weighed  accordingly.  A  fact  given  me  bj-  an  old  resident  in  the 
*'  Pines"  would  indicate  that  the  pine  snake  is  a  great  feeder.  He 
said  he  saw  one  killed,  out  of  which  were  taken  two  young  rabbits 
and  twelve  quail  eggs  (the  eggs  may  have  been  her  own).  This 
snake  likes  to  get  under  barns,  without  doubt  in  quest  of  rats  and 
mice.  But  for  the  above  statement,  I  might  have  inferred  from 
ra}^  specimen  that  the  species  is  a  moderate  feeder,  as  it  often 
refused  food  offered  it.  About  a  week  after  the  swallowing  of  the 
two  rats  I  put  a  live  one  into  the  snake's  box.  She  was  not 
hungry,  and  was  evidently  anno\'ed  by  the  rat's  presence.  So  she 
made  a  dart,  striking  it  on  its  side.  The  rat,  pluck}'  in  its  terror, 
turned  upon  and  bit  its  assailant.  This  was  a  new  experience  to 
the  reptile,  and  momentarily  dazed  with  incomprehension  of  the 
situation,  it  recoiled  upon  itself.  It  was,  however,  beside  itself 
but  for  a  moment,  for  it  instantly  became  alive  with  subtle  action. 
The  tongue  quivered  with  excitement,  and  that  living  cable,  which 
made  up  those  fearful  coils,  began  a  rapid  thickening.  The 
creature  seemed  to  be  inhaling  air  dow^n  its  whole  length.  Now 
began  that  fearful  blowing.  It  was  truly  a  bellowing  of  snakish 
rage,  and  was  followed  up  ])y  a  savage  dart  at  the  innocent  in- 
truder, which  gallantly  returned  the  compliment  with  another  nip 
of  its  sharp  teeth,  sending  the  snake  back  in  haste  to  the  farther 
corner  of  the  box.  I  noticed  that  the  rat  was  in  nowise  stupe- 
fied, or  afl:ected  in  any  way  corresponding  to  the  so-called  fasci- 
nation of  serpents.  Keeping  its  head  raised,  eyes  fixed  and 
tongue   quivering,  the   snake  filled  with  air  again ;   then   again 
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came  that  appalling  sound,  and  another  dart,  with  the  same  re- 
sponse from  the  rat.     I  cannot  depict  the  seeming  tussle  of  each 
round.     It  was  not  so  much  on  either  part  an  effort  to  close  in,  as 
it  was  to  deliver  its  own  shot,  and  then  get  out  of  the  way,  so  that 
on  the  part  of  the  snake  each  charge  received  caused  a  squirming 
that  looketl  like  a  wild  beating  of  the  air.     She  went  at  the  poor 
rodent  again  and  again.     Matters  were  waxing  desperate.     The 
rounds  were  quicker  and  more  severe.    There  was  less  blowing  and 
harder  fighting.     I  was  now  desirous  to  separate  them,  but  knew 
not  how  to  bring  it  about.     The  truth  told,  I  was  getting  to  be 
somewhat  nervous  about  the  personal  appearance  of  my  beautiful 
serpent,  which  seemed  in  great  peril  of  bodily  damage.     At  last 
both  combatants  seemed  sick  of  their  bargain.     So  there  was  a 
temporary  truce,  which  Intel-mission  of  hostilities,  as  it  often  is 
with  wiser  bodies,  was  made  the  opportunity  of  a  mutual  effort  to 
escape,  the  rat  inspecting  every  part  of  the  box,  and  gnawing  at 
every  crevice ;  the  snake  butting  her  nose  in  vain  attempts  to 
break  through  the  glass.     The  truce  lasted  ten  minutes.     The  rat 
was  sitting  quietly  in  a  corner  cleaning  its  face  with  its  paws. 
The  snake  had  ceased  its  vain  darting  at  the  glass  cover,  and,  as 
if  for  rest,  had  spread  itself  over  two-thirds  of  the  floor  of  the 
box.     It  seemed  as  if  a  fair  understand Tng  had  been  reached,  and 
that  hostilities  were  reallj'  at  an  end.     It  was  a  treacherous  calm. 
Incited  by  some  cause  the  rat  made  a  run  for  the  opposite  side  of 
the  box.     Alas!  this  movement  was  the  one  fatal  error  of  this 
little  hero's  life.     In  attempting  this,  it  had  to  cross  over  a  por- 
tion of  its  enemy's   body.     It  was  the  merest  touch,  but  that 
touch  was  death.     Instantly  every  particle  of  the  serpent's  body 
flashed  into  activity,  as  if  the  whole  had  been  powder,  and  a  spark 
of  fire  bad  fallen  on  it.     In  the  merest  fraction  of  a  second  of 
time,  the  reptile  that  seemed  to  be  lying  so  languid  was  trans- 
formed into  an  inverted  nest,  under  which  was  the  poor  rat.     I 
looked  for  the  head  of  the  snake.     It  was  under  this  living  nest, 
holding  at  the  hinder  part  its  victim,  which  was  doubled  up  in  this 
strange  compression.     And  stranger  still  was  the  wonderful  ad- 
justment that  a  half  minute  of  time  sufficed  to  accomplish.     The 
invertetl  nest  of  coils  opened  at  its  upper  or  convex  end,  like  the 
crater  of  a  miniature  volcano.     Out  of  this  was  evolved  the  head 
aud  front  feet  of  tlie  little  rodent,  whose  dark  lustrous  e3'es  stood 
out  and  neck  grew  thick  from  the  fearful  compression.     As  the 
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pretty  little  flesli-colored  hands  lay  upon  that  fatal  upper  coil,  it 
did  so  look  like  the  intorcebbion  of  helpless  suffering  with  pitiless 
power  !  This  terrible  constrictor,  although  the  act  was  done  in  an 
instant,  had  fully  exhausted  all  her  ingenuity  in  throwing  up  this 
fearful  engine  of  strangulation.  It  was  not  merely  a  series  of 
nest-like  constricting  coils,  but  one  great  coil  went  transversely 
over  all  the  others ;  as  when  the  hand  squeezes  a  lemon,  and  the 
other  hand  is  made  to  help  the  compression.  One  cf>\x\d  hear  the 
bones  crack !  All  this  time  the  head  of  Xhe  serpent  is  underneath, 
holding  its  little  captive  in  place,  while  that  spiral  vise  squeezes 
out  the  brave  little  life  that  has  so  stoutly  held  its  own  against 
sucli  odds  in  a  mortal  combat  of  two  long  hours.  Happily  death 
is  almost  instantaneous,  for  it  is  a  literal  crushing  out  of  life. 

Eight  minutes  have  elapsed,  and  that  spiral  coil  is  still  wound 
up,  rigid  and  motionless  as  a  rope  of  iron.     How  patient  the  crea- 
ture is !     So  still,  so  quiet,  one  would  hardly  think  it  was  alive. 
Now  it  withdraws  its  head  from   underneath  the  coils.     This  re- 
leases a  part  of  the  transverse  fold,  and  gives  to  the  head  ten 
inches  of  free  movement.     That  head  is  raised  above  its  prey,  and 
is  there  set  at  the  extremity  of  an  impending  and  motionless  curve. 
Nor  is  there  the  least  aspect  of  snakishness  about  the  act,  but  a 
certain  quiet  air,  as  though  the  reptile  was   conscious   that  the 
thing  was  done.     A  change  comes  at  last.     The  head  is  still  aloft, 
the  eyes  arc  fixed  on  its  victim,  the  neck  and  part  of  the  long  tho- 
rax swell  with  inspiration  ;  then  comes  that  indescribable  blowing. 
It  is  evidently  taking  a  good  long  breath  after  a  tough  job.    There 
may  be  in  it  a  relief  to  its  nervous  excitement.     Is  there  in  it  any 
exultation?      Who   can   tell?      Now  comes  a  slow,  but  general 
slackening,  or  relaxing  of  the  coils.     The  head,  however,  is  still 
kept  aloft  with  the  e3'es  set  upon  the  little  mangled  bod3'.     As  the 
per  coil  opens  the  victim  lies  on  one  side,  as  if  in  a  nest.     The 
ike   lowers   its   head    and   touches  it  witii    that  delicate   bifid 
igue,  which  is  doubtless  an  organ  of  acute  feeling.     Then  it 
)S  its  head  against  the  dead  little  hero,  pushing  the  head  into, 
1  moving  it  all  round  the  coil  for  that  purpose.     This  toying 
;h  its  victim  lasts  about  four  minutes.     At  length  the  coils  all 
cken,  and  Pituophis  stretches  herself  out  for  repose.     She  is 
w  utterly  indifferent  about  her  conquest.     We  left  the  rat  in  the 
K  until  next  day,  when  it  was  removed  and  subjected  to  a  post 
Hem.     I  found   the  vertebrae  dislocated   in   three  places,  one 
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place  jast  back  of  the  neck,  and  two  places  in  the  dorsal  re- 
gion. 

Earl}'  in  the  second  summer  a  splendid  male  Pituophis  was  sent 
me.  It  was  seen  swimming  across  a  stream,  and  was  captured 
after  landing.  It  was  about  six  feet  in  length.  But  a  few  min- 
utes before  an  equally  fine  specimen  was  killed  in  the  same  place, 
and  the  belief  was  that  this  was  its  mate.  The  coloring  was  very 
bright,  showy  splashes  of  pale  chestnut  predominating.  I  put  it 
with  my  female  specimen.  They  took  no,  notice  of  each  other, 
though  kept  together  until  May  of  the  next  year,  when  the  male 
died.  1  think  it  got  some  rough  handling  in  its  capture,  from 
which  it  never  recovered. 

Old  charcoal  burners  in  the  Pines  entertain  the  belief  that  the 
pine  snake  destroys  the  rattlesnake ;  but  I  have  never  found  the 
man  that  had  seen  the  pine  snake  kill  a  rattlesnake.  They  say 
that  generally  they  can  tell  if  a  rattlesnake  is  around  by  the  smell, 
which  is  like  that  of  a  cucumber.  That  the  pine  snake  can  emit 
an  odor  of  a  far  more  powerful  character  than  the  rattlesnake,  is 
well  known  to  these  men.  Their  notion  is  that  the  smell  is  thrown 
out  with  the  breath  when  blowing.  This  I  think  is  a  mistake,  ex- 
cept the  fact  that  it  may  occur  during  the  blowing,  which  is  itself 
an  act  or  manifestation  of  rage  or  other  high  emotion.  There 
was  a  man  in  the  Pines  who  kept  up  an  objectionable  familiarity 
with  the  snakes.  He  would  put  a  black  snake  inside  his  hat,  then 
go  into  the  hostelry  and  banter  some  of  the  loungers  to  knock  off 
his  hat,  an  accommodation  which  was  soon  granted,  when  a  dis- 
play of  Gorgon  locks  of  raven  hue  would  result,  that  constituted 
him,  for  the  nonce,  sole  occupant  of  the  premises.  Such  coolness 
would  make  any  one  a  good  observer.  This  man  said  he  fell  in 
with  a  very  large  pine  snake  in  the  woods.  His  words  very  nearly 
were,  ''  You  can  tease  a  pine  snake  with  a  stick,  and  instead  of 
trying  to  get  away,  it  will  coil  itself,  and  give  up.  So  I  took  a 
long  stick  and  began  teasing  it.  It  reared  itself,  and  began  blow- 
ing (bellowing)  fearfully,  and  there  fell  on  me  a  stench  so  sicken- 
ing, that  I  could  not  stand  it.  It  seemed  to  rain  on  me  !  I  turned 
and  ran  away  as  hard  as  I  could  !  That  the  adult  snake  has  this 
singular  power  must  be  accepted.  The  same  experience  has  been 
given  me  by  many  others,  and  1  have  myself  experienced  it, 
though  in  a  faint  degree.  I  am  not  disposed  to  believe  that  it 
comes  from  the  animal's  mouth,  however,  and  think  that  it  can  be 
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determined  only  by  dissections  of  the  posterior  parts.  This  facul- 
ty may  be  compensatory  —  a  means  of  defence  for  an  animal  nat- 
urally timid.  And  may  it  not  be  also  for  sexual  attraction  ?  In 
this  particular  it  is  probable  the  pine  snake  is  not  singular,  and  it 
is  likely  that  where  this  function  is  feeble  in  the  other  snakes,  it 
is  strong  enough  for  the  latter  purpose.  A  man  very  much  be3^ond 
the  average  intelligence  and  education,  a  teacher  in  the  Pines, 
said  to  me  "  I  once  saw  a  black  snake  come  out  of  the  woods  into 
the  soft  sandy  road  ;  and  it  acted  precisely  as  a  dog  does  that  is 
nosing  out  a  scent.  The  snake  came  to  a  snake's  track  in  the 
sand.  It  at  once  put  itself  in  the  track,  and  began  to  follow  it ; 
when,  seeing  me,  it  turned  off  to  the  woods  and  got  away." 

As  is  well  known,  the  capacity  of  abstinence  from  food  is 
remarkable  among  the  serpents.  Late  in  September,  1874,  I 
killed  a  mouse,  and  gave  to  the  female  Pituophis.  She  seized  it, 
gave  it  the  usual  squeeze,  then  swallowed  it,  taking  just  five  min- 
utes for  the  latter  task.  The  next  day  I  gave  her  another  dead 
mouse,  with  exactly  the  same  results.  This  was  the  first  time 
that  she  had  broken  fast  since  September,  1873,  — just  one  year 
before ! 

She  had  in  the  previous  yeav  on  one  occasion  eaten  a  good-sized 
rat,  that  was  given  her  dead,  taking  eighteen  minutes  for  the  oper- 
ation. And  I  must  mention  here  that  I  have  known  the  Flat-head 
Adder  or  Blowing  Viper,  Heterodon  platyrhinos^  to  eat  the  heads 
of  the  common  eel,  left  on  the  shore  by  the  fisherman.  So  that 
the  assertion  that  snakes  will  not  take  food  that  they  have  not 
killed  themselves,  is  not  in  all  cases  correct. 

Late  in  August,  1873,  I  noticed  that  the  snake  seemed  sickly. 
The  dim,  horny  look  of  the  eyes  told  the  reason.  She  was  nearly, 
if  not  quite,  blind;  and  was  about  to  cast  off  her  old  skin.  To 
me,  this  was  a  time  of  anxiety,  I  was  so  anxious  to  witness  an 
operation  which  I  had  never  seen.  On  the  30th,  owing  to  a  rest- 
less night  from  illness,  I  rose  later  than  usual.  Went  directly  to 
the  snake  box — what  a  disappointment !  The  snake  had  cast  her 
skin,  and  was  now  all  aglow  in  her  new  winter  dress.  I  was  struck 
with  the  wonderful  clearness  of  the  eyes,  and  was  reminded  of 
the  shoreman's  slang,  as  previously  given.  I  now  saw  a  new  sig- 
nificance in  their  vulgar  speech  ;  and  it  occurred  to  me  that  many 
a  poor  ophthalmic  suflTerer  would  rejoice  if  he  could  thus  exuviate 
his  optics. 
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But  the  desire  came  at  last.  Near  the  close  of  September, 
1873,  at  1  p.  M.,  looking  into  the  box,  I  saw  that  the  snake  had 
started  the  skin  from  her  head.  It  was  a  little  torn  at  the  snout, 
and  I  found  that  the  head  and  neck  were  denuded  for  about  two 
inches.  The  denuding  process,  was  going  on,  but  very  slowly. 
Doubtless  the  chief  difficulty  was  in  starting  the  skin,  and  I  felt 
sorry  that  I  did  not  see  the  start.  The  neck  was  slowly  becoming 
divested  of  the  old  cuticle,  which,  at  fii'st  glance,  had  a  sort  of 
ix^lling  a«;pect.  What  surprised  me  was  the  fact  that  there  was 
not  the  least  friction  in  the  act ;  that  is,  there  was  no  rubbing 
against  au}^  exterior  object.  As  the  old  skin  at  this  time  is  very 
moist  and  soft,  any  swelling  of  the  body  stretches  and  loosens  it. 
So  soon  as  the  exuviation  has  reached  the  part  of  the  body  con- 
taining the  larger  ribs,  this  doffing  of  the  old  suit  proceeds  more 
rapidly,  and  with  a  singular  system.  It  is  done  just  in  this  way. 
Exactly  at  the  place  where  the  skin  seems  to  be  moving  backward, 
a  pair  of  ribs  expands.  This  action  enlarges  the  body  and  loos- 
ens the  skin  at  that  place.  In  this  movement  both  ribs  in  the  pair 
act  at  the  same  time,  just  as  the  two  blades  of  the  scissors  open 
together.  Now  comes  in  a  second  movement  of  this  pair  of  ribs. 
One  of  them  — say  the  one  on  the  right  side  —  is  pushed  forward, 
and  made  to  slip  out  of  the  constriction,  when  it  is  immediately 
drawn  backward,  that  is,  against  the  neck  of  the  old  skin.  Now 
the  left  rib  makes  a  like  advance,  and  in  a  like  manner  presses 
backward.  Thus  the  final  action  of  the  ribs  is  not  synchronous, 
but  alternate.  And  how  notable  becomes  the  sameness  of  result 
in  this  action  with  that  of  the  alternate  hitching  of  each  side  of 
the  mouth  when  swallowing.  Indeed,  swallowing  by  a  serpent  is 
a  misnomer ;  for  that  laborious  hitching  is  not  a  pushing  of  the 
prey  down  the  gullet,  but  a  drawing  of  the  body  over  it.  The 
western  man  said,  he  always  felt  better  after  getting  himself 
around  a  two-pound  steak.  With  the  serpent,  this  is  a  literal  fact ; 
it  puts  itself  outside  of  its  victim.  And  so  with  the  singular  action 
of  the  ribs — it  seems  to  push  the  skin  backwards ;  but  this  is  an 
illusion,  for  it  actually  pushes  itself  forward,  and  advances  out  of 
the  skin,  thus  with  each  movement  or  advance,  lengthening  the 
double  cylinder  behind ;  that  is,  the  old  hose  evolves  from  itself 
forward,  though  it  appears  to  be  rolled  on  itself  backward. 

The  ribs  of  a  serpent,  which  extend  very  nearly  throughout  its 
whole  length,  are  very  much  smaller  in  the  neck  and  tail.     At 
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these  parts  exuviation  is  much  slower  than  when  the  larger  ribs 
have  play.  This  rib  action  produced  a  singular  automatic  move- 
ment of  the  serpent  on  the  floor  of  its  box,  and  even  across  the 
folds  of  its  companion,  which  kept  as  still  as  if  it  were  dead.  The 
movement  of  the  snake's  body,  as.  the  skin  did  not  follow  it,  gave 
the  creature  the  appearance  of  crawling  out  of  a  tubular  case.  The 
skii;i  of  course  was  presented  inside  out,  so  that  every  scale  showed 
its  concave  side,  which  was  true  also  of  the  scales  of  the  eyes. 
To  all  this  was  one  exception.  The  last  scale  of  the  tail  is  a  hol- 
low pyramidal,  or  four-sided  spike.  It  is  fully  half  an  inch  in 
length.  This,  for  plain  reasons,  was  not  inverted.  The  entire 
process  of  exuviation,  allowing  five  minutes  for  the  part  that  I  did 
not  witness,  took  thirty-five  minutes. 

There  was  a  great  contrast  of  color  and  brilliancy  between  the 
old  and  the  new  attire !  Unversed  in  serpentine  psychology,  we 
are  not  able  to  say  what  went  on  in  the  caput  of  this  creature, 
which  the  adage  has  made  so  famous  for  wisdom.  With  a  dress 
of  such  a  rich  creamy  glow,  and  such  adornings  of  brown,  and 
chocolate,  and  chestnut,  what  blame  if  it  were  proud  of  its  new  at- 
tire? She  certainly  seemed  to  show  her  feelings  in  a  feline  way, 
for  she  rubbed  her  head,  with  a  seeming  cat-like  complacency, 
against  that  of  her  companion.  As  for  him,  poor  fellow,  he  had 
been  ten  weeks  trying  to  get  his  trousers  off,  and  after  this  panting 
time,  had  only  succeeded  in  tearing  the  garment.  He  seemed  now 
to  be  acting  like  that  human,  who,  after  a  vain  tussle  with  his 
tight  boots,  retired  to  allow  his  mind  time  to  regain  its  composure. 
The  truth  told,  it  took  Mr.  Pituophis  exactly  three  months  to  get 
off  his  pantaloons.  It  would  onl}-  come  off  in  bits  at  a  time,  and 
by  painful  friction,  which,  as  shown  above,,  is  not  the  normal  way 
of  a  snake's  undressing.  Indeed,  it  looked  as  if  a  valet  would 
have  to  be  provided.  But  on  the  13th  of  October,  a  warm  Indian 
summer  day,  he  was  successful  in  doflSng  his  old  vestment.  Hav- 
ing got  out  of  those  dilapidated  tights,  he  looked  more  comfortable, 
and  in  his  new  suit  appeared  a  ver^'^  presentable  fellow. 

Even  in  its  excrementing,  it  observes  a  singular  method,  which, 
however,  is  perhaps  not  peculiar  to  itself.  In  every  instance  — 
and  I  have  made  a  number  of  observations — the  first  voiding  is  a 
clear  liquid.  This  would  make  a  circular  spread  on  the  floor  of 
the  box,  about  as  large  as  one's  hand.  In  the  middle  of  this  was 
immediately  voided  a  heap  of  a  uniform  granular  powder,  of  a 


Digitized  by  CjOOQIC 


THE   PINE   SNAKE   OF   NEW  JERSEY.  13 

deep  straw  color.  This  was  about  as  wide  as  a  dollar.  On  top  of 
this  was  a  smaller  mass  composed  entirely  of  hair,  unchanged  from 
its  natural  color.  This  was  the  indigested  portion  of  its  last  meal. 
This  excrement  was  made  three  weeks  after  its  meal  of  two  rats. 
It  is  to  be  remarked,  there  was  not  the  smallest  bit  of  indigested 
bone.  I  regret  that  my  intention  to  secure  chemical  analyses  was  * 
not  carried  out. 

When  the  summer  was  advanced  I  put  into  the  box  a  fresh  sod 
of  grass.  After  a  while  the  snake  became  very  fond  of  it,  but  its 
first  acquaintance  with  it  was  the  occasion  of  a  singular  demon- 
stration. The  stupid  thing  at  once  assumed  an  attitude  of  threat- 
ening inquiry.  It  raised  its  head  aloft,  and  in  the  direction  of  the 
strange  object,  vibrating  its  tongue,  and  keeping  its  eyes  intently 
fixed  upon  it.  That  head,  and  the  part  of  the'  body  thus  elevated 
looked  as  rigid  as  if  cast  in  brass.  And  for  a  full  hour  was  that 
statuesque  rigidity  of  posture  sustained.  How  much  longer  I 
know  not,  as  I  was  called  away.  This  singular  command  of  the 
rousoles  is  probably  peculiar  to  all  the  constrictors.  The  common 
black  snake  can  be  taken  in  the  hand  by  the  lower  part  of  the 
body,  and  the  rest  of  the  animal  be  projected  forward,  of  its  own 
will,  in  a  straight  rigid  line.  Owing  to  this  command  of  the  mus- 
cles the  pine  snake  is  capable  of  performing  some  evolutions, 
which  are  not  only  beautiful,  but  so  intricate  and  delicate  as  to 
make  them  seem  imbued  with  the  nature  we  call  spiritual.  1  have 
often  seen  the  Pituophis  spread  out  in  loose  coils  with  its  head  in 
the  central  one,  wake  up  after  a  long  repose  and  begin  a  movement 
in  every  curve,  the  entire  body  engaged  in  the  mazy  movement, 
with  no  going  out,  or  deviation  from  the  complicated  pattern 
marked  on  the  floor.  Observing  this  intricate  hannoniousness  of 
movement,  I  tliought  of  the  Seer's  vision  of  the  mystic  wheels. 
Those  revolving  coils- — *' As  for  their  appearances,  they  four  had 
one  likeness,  as  if  a  wheel  had  been  in  the  midst  of  a  wheel." 
In  the  popular  pictorial  tablets  of  Natural  History  in  Japan,  their 
generic  idea  of  a  snake  is  given  in  the  words  Kuchi  Nawa^  **Rope 
with  mouth  at  end."  And  this  is  pretty  much  the  crude  popular 
conception  of  an  ophidian  the  whole  world  over.  But  the  move- 
ments of  a  serpent  are  never  started  rope-like  at  one  end,  and 
thus  transmitted  to  the  other  ;  nor  is  the  movement  like  the 
force-waves  sent  through  a  ribbon  vibrating  ill  the  air.  The  move- 
ment consists  of  numberless  units  of  individual  activities,  all  reg- 
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ulated  b}^  and  under  the  perfect  control  of  one  will,  that  is  felt  in 
every  curve  and  line.  There  is  some  likeness  to  the  thousand  per- 
sonal activities  of  a  regiment  seen  on  their  *'  winding  way."  And 
all  this  perfection  of  control  of  so  many  and  complicated  activities 
is  true,  whether  a  serpent  like  an  ogre  be  crushing  its  victim's 
bones,  or  as  a  limbless  posturist  be  going  through  its  inimitable 
evolutions.  In  our  thinkiujg  a  serpent  ranks  as  a  paradox  among 
animals.  There  is  so  much  seeming  contradiction.  At  one  time 
encoiling  its  prey  as  in  iron  bands ;  again  assuming  the  immov- 
able posturing  of  a  statue  ;  then  melting  into  movements  so  intri- 
cate and  delicate  that  the  lithe  or  limbless  thing  looks  like  gossa- 
mer incarnate.  In  this  creature  all  the  unities  seem  to  be  set  aside. 
Such  weakness,  and  such  strength  ;  such  gentleness,  and  such  vin- 
dictiveness  ;  so  much  of  beaut}',  and  3'et  so  repulsive  ;  fascination 
and  terror: — what  need  of  wonder  that  whether  snake  or  python, 
the  serpent  should  so  figure  in  the  myths  of  all  the  ages,  and  the 
literature  of  the  whole  world !  Yes,  in  the  best,  and  the  worst 
thinkings  of  men ! 


BOTANICAL  OBSERVATIONS   IN  SOUTHERN 
UTAH,  IN    1874.    I. 

BY     DR.     C.     C.     PARRY. 

The  hastily  gathered  collection  of  plants  made  by  Fremont  on 
his  adventurous  return  trip  from  California,  in  the  spring  of  1844, 
"contained  quite  a  number  of  remarkable  new  forms,  from  the  little 
known  district  adjoining  the  valley  of  the  Virgen,  then  included 
in  the  Mexican  Territory  of  Upper  California.  Several  of  these 
newly  discovered  plants,  as  far  as  the  imperfect  material  allowed, 
were  described  by  Dr.  Torrey  and  Prof.  Gray,  in  Fremont's  Re- 
port, ^'Plantae  Fremontianfe,"  and  other  scientific  publications. 
Subsequently  the  inaccessibility  of  the  country,  and  the  hostile 
character  of  the  Indian  tribes  occupying  this  district,  prevented 
for  a  time  farther  botanical  researches.  With  the  gi'owth  of  Mor- 
mon settlement  gradually  extending  southward  from  Salt  Lake, 
the  obstacles  to  exploration  were  in  great  measure  removed  and 
the  valley  of  the  Virgen  lay  along  the  line  of  one  of  the  travelled 
routes  to  southern  California.    During  this  period,  late  in  the  year 
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1855,  a  French  naturalist,  named  J.  Remy,  passed  over  this  route 
from  Salt  Lake  to  Los  Angeles,  and  made  a  scanty  collection  of 
plants  on  the  journey,  which  were  afterwards  deposited  in  the 
Paris  Museum.  His  published  nan*ative,  entitled  "Paj's  des 
Mormons,"  contained  only  very  general  allusions  to  the  botany  of 
the  region  traversed,  and  no  scientific  account  was  given  of  his 
collections,  the  material  being  apparently  imperfect  and  fragment- 
ary. Since  then,  up  to  the  year  1870,  we  bave  no  account  of  any 
botanical  collector  visiting  this  district.  At  the  latter  date  ( 1 870), 
at  the  suggestion  of  the  writer,  Dr.  E.  Palmer,  then  in  the  joint- 
service  of  the  Department  of  Agriculture,  in  Washington,  and  the 
Smithsonian  Institution,  was  induced  to  visit  this  section  on  a 
collecting  tour,  extending  to  the  mouth  of  the  Colorado  and  the 
Pacific  coast.  Leaving  Salt  Lake  in  the  latter  part  of  May,  he 
spent  about  three  weeks  in  the  vicinit}'  of  St.  George,  collecting 
in  that  vicinity  a  number  of  new  species  of  plants  which  were 
mainly  described  in  Mr.  Watson's  Botanical  Report  of  the  geolog- 
ical exploration,  40°  parallel,  vol.  v. 

Jn  the  foUovving  years  (1871-2),  the  expeditions  of  Lt.  Whpeler 
and  Major  Powell,  both  touched  on  this  district,  and  small  collec- 
tions of  plants,  made  by  Mrs.  E.  P.  Thompson,  Capt.  Bishop  and 
others  connected  with  these  surveys,  added  several  new  species  to 
the  flora  of  this  district,  being  described  by  Mr.  Watson  in  the 
American  Naturalist  (Vol.  vii,  pp.  299-303). 

In  addition  to  these  published  sources,  several  local  collectors 
have  at  different  times  aided  materially  in  extending  our  knowl- 
edge of  the  plants  of  this  region,  among  whom  may  be  mentioned 
as  especial I3'  worthy  of  notice,  Mr.  A.  L.  Siler,  and  J.  E.  Johnson, 
Esq.,  both  residents  of  southern  Utah. 

Being  desirous  of  obtaining  a  more  complete  view  of  the  botan- 
ical features  of  this  district,  and  especially  of  securing  the  evan- 
escent spring  plants,  which  on  account  of  the  late  season  of 
gathering  or  hasty  mode  of  travel,  other  collector3  had  mainly 
neglected,  the  writer  undertook  a  botanical  collecting  tour,  early  in 
the  present  season  (1874).  It  seemed  like  anything  but  a  prom- 
ising prospect  for  the  success  of  this  enterprise,  to  encounter  on 
my  an-ival  at  Salt  Lake,  March  20th,  a  snowfall  of  nearly  two 
feet,  interfering  seriously  with  the  ordinaiy  means  of  travel,  and 
rendering  the  journpy  over  the  high  intervening  countiy,  between 
Salt  Lake  and  St.  George,  a  distance  of  350  miles,  exceedingly 
tedious  and  disagreeable. 
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Not  before  passing  over  the  rim  of  the  great  basin,  within  a 
short  day's  travel  of  my  destination,  was  there  any  appearance  of 
advancing  vegetation ;  but  on  dropping  down  suddenly  into  the 
valley  of  the  Virgen,  on  April  5th,  the  whole  floral  aspect  assumed 
a  change  almost  magical ;  orchards  in  full  bloom  incliiding  peach, 
almond,  and  apricot,  marked  at  a  distance  by  a  perfect  blaze  of 
blossoms  the  scattered  settlements,  while  the  lucerne  fields  with 
their  deep  green  foliage  were  nearly  ready  for  a  first  forage  crop. 

Over  the  intervening  desert  table-land  the  aspects  of  advanced 
spring  were  evidenced  in  rainbow-colored  patches  of  Phacelia  Fre- 
montii  Torr.  and  bright  yellow  clusters  of  Etinanus  BigelovU  Gray 
(No.  147).  The  approach  to  St.  George,  which  I  had  previously 
selected  as  the  central  point  of  my  explorations,  was  at  this 
season,  and  under  the  circumstances  of  the  case  in  contrast  with 
the  bleak  country  just  passed  over,  peculiarly  attractive.  The  va- 
riety of  rock  exposure  in  the  form  of  steep  mural  cliffs  of  red 
sandstone,  and  high  basaltic  mesasy  with  their  slopes  of  broken 
talus^  gave  promise  of  a  rich  harvest,  which  the  result  of  my 
labors  fully  realized. 

From  the  5th  of  April  up  to  June  1st,  there  was  a  continuous 
succession  of  interesting  forms,  almost  bewildering  in  their  singu- 
lar botanical  features.     Early  in  the  season,  the  chief  attraction 
centred  on  the  evanescent  annuals,  which  were  scattered  in  great 
profusion  over  every  bare  knoll,  in  rock  crevices,  or  under  the 
scant  shelter  of  the  dull  colored  desert  shrubbery.     Largely  rep- 
resented among  these  is  the  genus   Phacelia,  including  P.  Fre- 
montii  Torr.  (No  177),  whose  showy  spikes  continue  to  unfold  a 
I      succession  of  blossoms   for  four  weeks  or  more.     Hardly  less 
J,4Uii\^   .^^i^showy  is  the  Phacelia  crassifolia  Torr.  (No.  182),  with  flowers  of 
'  an  intense  blue  shade,  thickly  "scattered  over  gypseous  el  a}'  knolls. 
This  latter  species  frequently  becomes  dwarfed  in  exposed  places, 
and  spreads  out  in  the  form  of  purple  patches  over  the  bare  soil. 

In  rock  crevices  we  find  the  delicate  P.  mici'antha  (No.  181) 

associated   with   P,  rotundifulia    (No.    183),  while  later   in   thCr 

<^^'nv>  ^  <V'  season,  P,  crenulata  Torr.  (No.  180),  P.  curvipes^^s^ft.  ?  (No.  1 79),  c^ 

s,V^     and  the  biennial  P,  P^4lmeri  Torr.  (No.  176),  keep  up  the  series. 

f^     Hardly  inferior  to  the  above  noted  omnipresent  forms  of  early 

spring  vegetation,  must  be  reckoned  the  different  species  of  Gilia, 

which,  though  generally  less  showy,  vie  with  them  in  variety  and 

abundance.    These  latter  include,  besides  the  widely  distributed 

and  very  variable  Gilia  inconspicua  Dougl.  (No.  199),  the  rarer 
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forms  of  O,  leptomeria  Graj^  (No.  197),  O.  demfssa  Graj^  (No. 
196),  G.  Bigelovii  Gray  (No.  189),  G.floc^sa  Gray  (No.  192),  G,  ^ 

poif/dadon  Torr.  (No.  191),  G.  setosiasima  Gray  (No.  190),  and 
a  very  delicate  species  with  light  y-ellow  flowers,  looking  like  flax, 
G.JUi/ormis  n.  sp.  (No.  187). 

Among  other  interesting  dwaif  forms  characterizing  the  early 
spring  flora,  may  be  noted  Thysanocarpus  curvipes  Hook.,  Malvas- 
trum  exile  Gray,  Lupinus  Sileri  Watson,  Actinohpis  Wallacei  Gray, 
Actinolepis  lanosa  Gray,  Syntrichopappun  Fremontii  Gra}^  Layia 
glandulosa  H.  &  A.,  Stylodyne  micropoides  Gray,  Nemadadus 
ramosissimits  Nutt.,  Nama  demissa  Gray,  Pterostegia  drymari- 
oides  F.  &  M. 

Somewhat  later  in  the  season,  as  we  shall  have  occasion  to  note 
farther  on,  a  different  class  of  annuals,  largely  represented  by 
Eric^oneae  and  Boraginese,  come  forward  to  continue  the  series  of 
evanescent  forms. 

Of  perennial  plants  the  early  spring  gave  abundant  promise,  in 
the  opening  lea£  and  developing  bud,  of  many  strange  forms. 
Among  these  the  first  to  attract  attention  is  a  very  common  bushy 
shrub,  with  small  inconspicuous  flowers,  crowded  along  the  slen- 
der branches,  almost  hidden  from  view  in  the  densely  fasciculate 
leaves.    This,  which  is  readily  recognized  in  its  habit  and  pecu- 
liar peach-leaf  odor,  as  belonging  to  the  AmygdcUece  group  of  Mo- 
sacecBy  was  characterized  by  Dr.  Torrey  in  *'  Plantae  Fiemontianae  " 
{^g.  10),  from  imperfect  material  under  the  name  of  J^w2>?ecfocZa- 
dus  fascictdatus  Torr.     The  more  complete  material  now  collected 
shows  it  to  be  not  generically  distinct  from  Prunus,  being  indeed 
closely  allied  to  the  Prunus  minutiflora  Engel. ;  it  has  accordingly 
been  reduced  by  Prof.  Gray  to  a  section  of  Prunus,  viz. :  P,  {Em- 
piectodadus)  fasciculata  Gray  (No.  56).     By  the  inhabitants  of 
the  country  it  is  known  under  the  appropriate  name  of  "  wild 
almond,*^  its  small  fruit,  though  bitter,  being  occasionally  eaten. 
Among   other  early  flowering   shrubs  of  this  district,  may   be 
enumerated  Rhus  aromatica  Ait.,  and  one  of  the  numerous  forms 
of  the  variable  Atnelanchier  Canadensis  T.  &  G.     Quite  common]}' 
met  with  in  deep  sandstone  ravines  and  on  rocky  slopes  is  the 
singular  one-leaved  ash,   Fraxinus    anomala  Torr.    (No.   210). 
This  forms  a  clumpy  bush  eight  to  twelve  feet  in  height,  with 
bright  green  foliage,  set  off  later  in  the  season  by  pendent  fasci- 
cles of  fruit,  of  which  the  separate  seeds  are  not  unfrequently 
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3-angled.  From  the  mature  seed  somewhat  copiously  collected,  it 
is  to  be  hoped  that  this  singular  species  may  be  introduced  into 
our  gardens. 

Of  early  bulbous  plants  Androstephium  breviflorum  Watson 
(No.  223)  is  quite  common  on  all  gravelly  hills,  succeeded  some- 
what later  in  the  season  by  MiUa  capitata  (No.  256),  which  latter 
exhibits  an  equally  well-marked  corona  subtending  the  stamens, 
thus  apparently  invalidating  the  distinctions  which  have  been 
relied  on  for  separating  the  allied  genera  of  MiUecB. 

Early  in  May,  Cidoclwrtus  Jlexuosus  Watson  (No.  254)  is  con- 
spicuous on  hill-siaes,  with  its  showy  tulip-like  blossoms,  which, 
on  account  of  its  prolonged  branching  flower  stem,  continues  to 
flower  for  a  longer  period  than  most  species  of  this  attractive 
j    genus.    The  general  Indian  name  of  "/S'egro"  is  applied  indiscrim- 
'     inately  to  all  the  edible  bulbs  of  this  region.    Apparently  quite 
out  of  place  in  this  arid  climate,  we  notice  quite  frequently  on 
the  perpendicular  face  of  moist  sandstone  rocks,  AdiantumTCapU- 
^V^f         lus^neiis  L.  (No.  262).     Still  more  interesting  is  a  /M)mmon 
fern  growing  in  dry  rock  crevices,  resembling  Cheilanthes^  which 
Prof.  Eaton  on  a  critical  examination  determines  to  be  a  new 
species  of  Notholdtna  characterized  by  him  as  N,  Panryi  n.  sp. 
(See  appendix  No.  263). 

With  the  disappearance  of  late  spring  frosts,  which  frequently 
continue  to  the  latter  part  of  April,  and  occasionally  as  late  as 
early  May,  the  intense  heat  of  the  lengthening  days,  rarely  ob- 
scured by  cloudsj  or  tempered  by  showers,  brings  forward  a  rapid 
development  of  the  more  characteristic  forms  of  vegetation.  By 
May  1st  orchards  had  mostly  dropped  their  blossoms ;  the  fruit  of 
the  apricot  and  almond  were  developing,  and  strawberries  begin- 
ning to  ripen,  giving  to  fields  and  gardens  a  summer  aspect.  In 
the  open  country  an  analogous  feature  is  brought  to  view  in  the 
native  vegetation.  We  accordingly  note  the  appearance  of  sev- 
eral species  of  CEnothera,  conspicuous  among  which  is  a  large 
yellow-flowered  one,  which  being  undescribed,  I  take  pleasure  in 
dedicating  to  my  esteemed  friend,  J.  E.  Johnson,  Esq.,  as  CEno- 
thera Johnsonii  n.  sp.  (See  appendix  No.  64).  Mr.  Johnson,  who 
has  had  this  plant  for  many  years  in  his  garden,  called  toy  atten- 
tion to  the  regularity  and  suddenness  of  its  opening,  from  fifteen 
to  twenty  minutes  after  sunset.  This  opening  process,  as  fre- 
quently observed  by  both  of  us,  is  accomplished  by  a  shrinking 
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downward  of  the  valvular  calyx,  the  accumulated  tension  at  a 
certain  point  suddenly  releasing  the  segments  from  below  up- 
wards, which,  becoming  reflexed,  allows  the  closely-confined  con- 
volute corolla  to  unfold  visibly,  its  petals  expanding  in  about 
thirty  seconds,  to  a  horizontal  position.  Quite  constantly,  just 
at  this  time,  a  small  bee,  apparently  on  the  watch,  darts  in  and 
loads  itself  with  the  stringy,  adhesive  pollen,  to  be  carried,  prob- 
ably, to  another  flower.  Generally,  soon  after,  another  bee  on 
the  same  quest  lands  on  the  same  flower,  and  finding  the  pollen 
gone,  travels  quickly  over  the  stigmatic  arms  and  soon  flies  away. 
This  process  frequently  repeated  ensures  cross-fertilization. 

Other  (Enotheroi  include  a  large  white-flowered  variety  of  the 
polymorphous  (E.  albicaulis  (No.  63) ;  as  a  rarity  we  also  meet 
with  the  very  neat  (E,  primiveria  Gray  (No.  65), 

Of  the  group  belonging  to  the  Chylisma  section,  we  have  three 
well-marked  forms  represented.  Of  these,  Nos.  7S-74  are  referred 
by  Mr.  Watson  to  (Enothera  brevipes  Gray ;  both  have  yellow  flow- 
ers, of  which  those  of  No.  73  are  most  conspicuous.  No.  74  is  dis- 
tinguished by  a  more  branching  habit,  smaller  light-yellow  flowers, 
longer  pedicels,  and  more  conspicuous  pinnatisect  radical  leaves. 
A  third  species  of  this  section  is  characterized  by  Mr.  Watson 
as  CEnothera  Parryi  n.  sp.  (See  appendix  No.  72).  This  lat- 
ter is  of  a  singularly  graceful  habit,  generally  much  branched, 
its  prolonged  spike  of  small  yellow  flowers  being  succeeded  by 
distinctly  clavate  capsules,  curving  upwards  from  a  slender  divar- 
icate pedicel.  Quite  constantly  associated  with  this  latter  spe- 
cies, occupying  dry  gypseous  clay  knolls,  is  a  very  neat  and  showy 
MerUzdia  (No.  78).  This,  though  closely  allied  to  the  common 
M.  mvltiflora  Nutt.,  seems  to  present  characters  sufficient  to  dis- 
tinguish it  as  a  new  species.  Observing  the  two  growing  often 
side  by  side,  the  diff*erences  in  habit,  time  of  flowering  and  floral 
characters  seem  sufficiently  distinct,  nor  were  there  any  interme- 
diate forms  noticed.  In  the  meantime  it  may  be  well  to  wait  for 
a  more  full  revision  of  this  genus  before  venturing  to  add  to  the 
number  of  doubtful  species. 

Common  at  this  season  upon  all  sandstone  or  gravelly  knolls,  is 
the  charming  Dalea  Johnaoni  Watson  (No.  40),  with  its  deep 
indigo  blue  spikes.  Now  also  comes  forward  Coleogyne  ramosis- 
sima  Torr.  (No.  57),  its  dull  green  foliage  being  relieved  by  a  pro- 
fusion of  light-yellow  blossoms.    Aster  tortifoUua  Gray  (No.  91), 
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with  its  large  pale-blue  heads,  adds  an  unwonted  brilliancy  to  the 
clefts  of  dark  basaltic  rocks.  Audibertia  incana  Benth.  (No. 
159)  is  conspicuous  along  the  line  of  dry  ravines,  with  its  dense 
blue  spikes,  and  silvery  foliage,  exhaling  a  most  pungent  perfume. 
Other  varieties  include  Lepidium  Fremontii  Watson,  Hymenodea 
salsola  T.  &  G.,  Franseria  dumosa  Gray,  Salazaria  Mexicana 
Torr.,  Lycium  Torreyi  Gray. 

Not  least  among  the  attractions  of  this  flowering  season  are 
H;he  Cacti,  which  include  Opuntia  rutill^  Nutt.,  presenting  a 
perfect  mass  of  delicate  pink  rosettes,' set  in  a  bed  of  spines. 
Cereus  Engelmanni  Parry  exhibits  flowers  of  a  deeper  purple 
shade,  which  are  succeeded  by  a  delicious  fruit,  when  it  can  be 
safely  extracted  from  its  thorny  envelope.  MammiUaria  phel- 
j)8perma  Engel.,  or  "  the  fish-hook  cactus,"  is  found  as  a  rarity  in 
rocky  clefts,  at  this  season  adorned  with  its  bright  red  fruit.  On 
all  gravelly  knolls  in  this  section  a  common  arborescent  Opuntia 
is  met  with  (0.  j/tchinocarpa  EngeL).  This  species  has  an  incon- 
spicuous yellowish  green  flower  nearly  buried  in  a  mass  of  barbed 
spines ;  otherwise  its  usually  repulsive  features  are  partly  utilized 
by  birds,  who  find  in  their  spiny  recesses,  nesting  places  secure 
from  the  attack  of  snakes. 

Chenopodiacece  are  everywhere  largely  represented  by  the  fol- 
lowing, viz.,  Atriplex  eospansa  Watson,  A.  confertifoHa  Watson, 
A,  Nuttallii  Watson,  A.  canescens  Watson,  Kochia  Americana 
Watson,  Suczda  diffusa  Watson,  Eurotia  lanata  Moquin,  and 
Orayia  polygal'\ides  H.  &  A.,  the  latter  with  much  more  graceful 
foliage  than  noticed  farther  north,  almost  reconciles  one  to  the  im- 
position of  this  honored  botanical  name  to  a  "grease  wood.*' 

The  undergrowth  comprises  quite  a  number  of  singular  Cichora- 
ceous  Compositkce^  including  Malacothrix  Coulteri  Gray,  M.  Torreyi 
Gray,  Rafinesquia  Neo-Mexicana  Gray,  Calycoseris  Wrightii  Gray, 
Microseris  macrochmta  Gray,  M.  linearifolia  Gray,  Stephanonieria 
Thurberi  Gray,  S,  exigua  Nutt.,  Lygodesmia  exigua  Gray.  To 
these  must  be  added  as  especially  worthy  of  notice,  the  charming 
Olyptopleura  setulosa  Gray  (No.  129),  with  its  pure  white  blossoms, 
and  cut  fringed  leaves,  pressed  close  to  the  ground.  This  growing 
abundantly  everywhere  on  gravelly  soil,  or  dry  bottom  land,  pre- 
sents a  succession  of  flowers  opening  in  bright  sunshine.  Not  un- 
frequently  on  gravelly  slopes  we  meet  with  the  rare  Composit^'^^  r^  OL 
Monoptilon  bellidiformis  Gray  (No.  100),  heretofore  only  known 
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from  a  single  Fremontian  specimen.  The  large  class  of  annual 
and  perennial  Eriogonece  come  forward  in  the  latter  part  of  May, 
allusion  to  which  must  be  deferred  to  a  succeeding  paper,  together 
irith  some  more  detailed  notices  of  excursions  to  the  higher  moun- 
tains and  alpine  districts,  south  and  west  of  St.  George. 

Note.    The  numbers  affixed  to  species  In  Ihe  foregoing  paper,  correspond  to  the 
namhered  sets^in  the  distributed  collection. 


THE  COLOSSAL  dEPHALOPODS  OF  THE  NORTH 
ATLANTIC. 


BY  PROF.    A.    E.    VEHRILL. 


Ik  a  former  article  published  in  the  Naturalist  (vol.  viii,  p. 
167,  March,  1874)  the  writer  gave  a  brief  account  of  several 
gigantic  cuttle-fishes,  or  "squids,"  which  have  been  observed  or 
captured  at  or  near  Newfoundland,^  and  in  an  earlier  volume  (vii, 
p*  91)  Dr.  Packard  gave  an  account  of  previous  captures  of 
similar  huge  Cephalopods  on  the  coasts  of  North  America  and 
Europe.  The  existence  of  several  distinct  species  of  these  colos- 
sal ten-armed  Cephalopods  has  been  satisfactorily  demonstrated 
in  the  various  papers  that  have  been  written  upon  the  subject 
both  in  Europe  and  America.  Most  of  the  specimens  hitherto 
obtained  have  been  taken  in  the  Atlantic  Ocean,  but  at  least  one 
gigantic  species  {EnoplotetUhis  xtnguiculata)  inhabits^  the  Indian 
Ocean,  while  the  origin  of  some  of  the  described  specimens  is  not 
known. 

In  this  article  I  propose  to  describe  portions  of  five  different 
specimens  of  these  monsters,  now  in  my  possession,  and  also  to 
give  some  account  of  five  other  specimens  that  have  been  observed 
on  our  side  of  the  Atlantic. 

The  five  specimens  that  I  have  been  able  to  study  evidently 
belong  to  two  quite  distinct  species,  both  of  which  belong  to  the 
genus  Architeuthis  of  Steenstrup  (or  Megaloteuthis  of  Kent). 
The  largest  of  these  is  represented  only  by  the  jaws  of  two 

*  See  also  an  article  on  this  sabject  by  the  writer,  in  the  *'American  Journal  of  Sci- 
ence," vol.  vii,  p.  158,  Feb.,  1874;  and  letters  fVom  Mr.  Alexander  Murray  in  the  Natub- 
AU8T,  Tol.  8,  p.  120,  reb.,  1874. 
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specimens,  one  of  which  (No.  1  in .  my  former  articles)  was  found 
floating  at  the  Banks  of  Newfoundland,  and  the  other  (which  we 
will  designate  as  No.  10)  was  taken  from  the  stomach  of  a  sperm 
whale.  The  upper  jaw  of  the  latter  was  imperfectly  figured  by 
Dr.  Packai'd  in  his  article  referred  to  above,  and  it  is  the  largest 
jaw  yet  known.  These  belong  to  an  apparently  undescribed  spe- 
cies, which  I  propose  to  name  Architeuthis  princeps^  and  shall 
describe  more  fully  farther  on.  It  is  readily  distinguished  from 
the  following  by  the  blacker,  thicker,  stronger  and  more  incurved 
beaks,  and  especially  by  the  large  and  very  prominent  tooth  or 
projection,  arising  from  the  margin  of  the  cutting  edges  of  the 
alsB,  on  the  lower  jaw.  The  body  appears  to  have  been  relatively 
much  longer  than  in  the  following  species. 

The  second  species,  which  I  consider  identical  with  the  Archi- 
teuthis  monachus  of  Steenstrup,  is  more  fully  represented  by  parts 
of  three  individuals,  and  seems  to  be  the  species  most  commonly 
met  with  on  the  coasts  of  Newfoundland  and  Labrador. 

The  most  complete  specimen  (fig.  1)  that  has  ever  come  under 
scientific  observation  was  captured  in  November,  1873,  at  Logic 
Bay,  near  St.  John's,  Newfoundland.  It  became  entangled  in 
herring-nets  and  was  secured  by  the  fishermen  with  some  diflflculty 
and  only  after  quite  a  struggle,  during  which  its  head  was  badly 
mutilated  and  severed  from  the  body,  and  the  eyes,  most  of  the 
siphon-tube,  and  the  front  edge  of  the  mantle  were  destroyed. 
Fortunately  this  specimen  was  secured  by  the  Rev.  M.  Harvey  of 
St.  John's.  After  it  had  been  photographed  and  measured,  he 
attempted  to  preserve  it  entire  in  brine,  but  this  was  found  to  be 
ineffectual,  and  after  decomposition  had  begun  to  destroy  some  of 
the  most  perishable  parts,  he  took  it  ftom  the  brine  and,  dividing 
it  into  several  portions,  preserved  such  parts  as  were  still  unde- 
composed  in  strong  alcohol.  These  various  portions  are  now  in 
my  possession,  and  with  the  photographs  have  enabled  me  to  pre- 
sent a  restoration,  believed  to  be  quite  accurate,  of  the  entire 
creature  (fig.  1).  In  this  figure  the  eyes,  ears,  siphon-tube,  and 
firont  edge  of  the  mantle  have*  been  restored  from  a  small  squid 
{Loligo  pallida)  to  which  this  gigantic  species  seems  to  be  nearly 

*trhl8  species  was  named  and  characterized  in  a  communication  made  to  ttie  Con- 
necticut Academy  of  Sciences,  Nov.  18, 1874,  and  will  be  desciibed  in  greater  detail  in 
its  Transactions. 
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AxcluteuthiB  monachns  (No.  5),  one  twenty-second  natural  size,  from  Logie  Bay,  N.  F. 
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allied  in  many  respects.  ^  The  other  parts  have  been  drawn 
directly  from  the  photographs  and  specimens.^ 

Mr.  Harvey  has  published  popular  accounts  of  this  specimen 
and  the  previously  captured  arm  of  a  still  larger  one,  in  an  inter- 
esting article  in  the  Maritime  Monthly  Magazine  of  St.  John,  N. 
B.,  for  March,  1874,  and  in  several  newspapers.^  These  articles, 
and  extracts  from  them,  have  been  widely  copied  in  the  news- 
papers and  magazines.  To  him  we  ai'e,  therefore,  mainly  indebted 
for  these  latest  and  most  important  additions  to  our  knowledge 
of  these  remarkable  animals.  The  preserved  parts  of  this  speci- 
men (No.  5)  which  I  have  been  able  to  examine  are  as  follows : 
the  anterior  part  of  the  head,  with  the  bases  of  the  arms,  the 
beak,  lingual  ribbon,  etc. ;  the  eight  shorter  arms,  but  without 
the  suckers,  which  dropped  off  in  the  brine,  and  are  now  repre- 
sented only  by  the  strong  marginal  rings ;  the  two  long  tentacular 
arms,  which  are  well  preserved,  with  all  the  suckers  in  place ;  the 
tail;  portions  of  the  "pen"  or  internal  shell;  the  ink-bag  and 
pieces  of  the  body. 

Since  this  is  the  most  complete  specimen  hitherto  obtained,  it 
will  be  first  described  as  a  standard  for  comparison  with  the  other 
less  complete  ones. 

The  general  appearance  and  form  of  this  species,^  which  appears 

«The  figure  was  originally  made.  fVom  the  photographs  only,  by  Mr.  P.  Roetter,  of 
the  Museum  of  Comparative  Zoology,  but  after  the  arrival  of  the  specimens  it  had  to 
be  altered  in  many  parts.  These  necessary  changes  were  made  by  the  writer,  after  a 
careful  study  of  the  parts  preserved,  in  comparison  with  the  photographs  and  original 
measurements. 

« Acknowledgments  are  also  due  to  Mr.  Alexander  Murray,  Provincial  Geologist, 
who  co5perated  with  Mr.  Harve}'  in  the  examination  and  preservation  of  these  speci- 
mens, and  who  has  also  written  some  of  the  accounts  of  them  that  have  been  published. 
Sec  the  American  Naturalist,  vol.  viii,  p.  122,  February,  1874;  '* American  Journal  of 
Science,"  vol.  vii.  p.  160;  and  "Nature,"  vol.  ix,  p.  322,  February  26, 1874. 

»Mr.  W.  Saville  Kent,  fVom  the  descriptions  and  photographs  of  this  species,  has 
seen  fit  to  give  it  new  generic  and  specific  names,  viz. :  Megaioteuthis  Harveyi^  accord- 
ing to  notices  of  his  communication  made  to  the  Zoological  Society  of  London,  March 
8, 1874,  in  "Nature"  (vol.  ix,  p.  875,  March  12,  and  p.  403,  March  19).  But  as  no  suffi- 
cient reason  was  given  for  doing  so,  in  the  notices  referred  to,  and  as  his  original  com- 
munication appears  not  to  have  been  published  yet  (at  least  it  has  not  been  received 
here)  I  am  unable  to  judge  what  his  actnal  reasons  for  this  proceeding  may  be. 

My  identification  is  based  on  a  comparison  of  the  Jaws  with  the  Jaws  of  A^mona- 
chuSf  well  figured  and  described  by  Steenstrup.  Their  agreement  is  very  close  in 
nearly  all  respects,  but  the  beak  of  the  lower  Jaw  is  a  little  more  divergent  in  Steen- 
strup's  figure.  His  specimen  was  a  little  larger  than  the  one  here  described  and  was 
taken  fVom  a  specimen  cast  ashore  in  1853.  So  that  Mr.  Kent  was  probably  unaware 
of  that  specimen  when  he  said  ("Nature,"  ix,  p.  403)  that  A,  moTMchus  "was  instituted 
for  the  reception  of  two  gigantic  Cephalopods,  cast  on  the  shores  of  Jutland  in  the 
years  1639  and  1790,  and  of  wliich  popular  record  alone  remains." 

His  statement  that  Architeuthis  dux  Steenstrup  is  known  from  the  beak  alone  is 
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to  be  the  Architeuthis  monachus  of  Steenstrup,  is  well  shown  by 
fig.  1.  From  the  great  size  of  the  large  suckers  on  the  long  arms, 
I  judge  it  to  be  a  male.  The  body  was  relatively  stout,  and  ac- 
cording to  the  statement  of  Mr.  Harvey,  it  was,  when  fresh,  about 
seven  feet  long  and  five  and  one-half  feet  in  circumference.  The 
portion  of  the  body  shown  in  the  photograph  appears  to  have  been 
only  about  five  and  one-half  feet  long,  ^ig,  2. 

and  is  badly  mutilated  anteriorly,  so 
that  it  is  possible  that  Mr.  Harvey  has 
allowed  too  much  for  the  missing  parts. 
In  restoring  the  figure  here  presented, 
the  length  of  the  body  was  reckoned 
at  seven  feet,  and  reduced  twenty-two 
times.  The  "tail"  or  caudal  fin  (fig. 
2)  is  said  by  Mr.  Harvey  to  have  been 
twenty-two  inches  across,  but  the  pre- 
served specimen  is  considerably  small- 
er, owing,  undoubtedly,  to  shrinkage  in 
the  brine  and  alcohol.  It  is  remark- 
able for  its  peculiar  spear-shaped  or 
broad  sagitate  form.  The  posterior 
termination  is  unusually  acute  and  the 
lateral  lobes  extend  forward  consider- 
ably beyond  their  insertion.  In  the 
preserved  specimen  the  total  length, 
from  the  anterior  end  of  the  lateral  lobes  to  the  tip  of  the  tail,  is 
twenty-three  inches ;  from  the  lateral  insertions  to  the  tip  nineteen 
inches ;  from  the  dorsal  insertion  thirteen  and  five-tenths  inches ; 
total  breadth  about  fifteen  inches;  width  of  lateral  lobes  six 
inches.  The  body,  as  seen  in  the  photograph,  is  badly  collapsed 
and  it  must  be  a  matter  of  great  difficulty  to  obtain  the  true 
diameter  of  the  body  in  any  of  these  large  squids,  owing  to  the 


Tall  of  No.  5,  ono-tenth  nat.  size. 


erroDeons,  for  Stoenetrnp,  llarting,  and  Dr.  Packard,  In  their  articles  on  this  subject, 
all  state  that  the  suckers,  parts  of  the  arms,  and  the  internal  sheU  or  pen  were  pre- 
•erred,  and  they  hare  been  figured  by  Prof.  Steenstrup;  Harthig  has  also  given  a  fig- 
ure of  the  lower  Jaw.  Steenstrup  mentions  having  the  arm-hooks  (Tandvasbningen), 
which  would  indicate  a  genus  distinct  fh>m  our  species. 

Should  the  Arehiieuthis  dux  prove  to  belong  to  a  genus  disthict  fi'om  this  and  all 
known  genera,  It  might  perhaps  be  taken  as  the  type  of  Architeuthit,  and  in  that  case 
the  generic  name  given  by  Kent  could  be  retained,  and  the  two  species  here  described 
would  then  be  called  MegaJoteuthia  monachuM  and  M.  princ^if  if  my  Identification  of 
the  former  species  be  correct. 
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fact  that  they  collapse  greatly  when  taken  from  the  water.  The 
circumference  of  the  body  given  above  may,  therefore,  be  con- 
siderably too  small.  In  that  case  the  figure  represents  the  body 
more  slender  than  it  should  be.  The  head  was  probably  at  least 
equal  to  one-fifth  the  length  of  the  bod}'.  The  eight  shorter 
arms,  when  fresh,  were,  according  to  Mr.  Harvey's  measure- 
ments, six  feet  long  and  all  of  equal  length,  but  those  of  the 
different  pairs  were  respectively  ten,  nine,  eight  and  seven  inches 
in  circumference.  In  alcohol  they  have  shrunk  considerably,  both 
in  length  and  diameter.  They  are  three-cornered  or  triquetral  in 
form  and  taper  very  gradually  to  slender  acute  tips.  Their  inner 
faces  are  occupied  by  two  alternating  rows  of  large  obliquely 
campanulate  suckers,  with  contracted  apertures  surrounded  by 
broad,  oblique,  marginal  rings,  armed  with  strong,  acute  teeth 
Yig,s.  around  their  entire  circumference,  but 

largest  and  most  oblique  on  the  outside 
(fig.  3).  These  suckers  gradually  di- 
minish in  size  to  the  tips  of  the  arms, 
where  they  become  very  small,  but  are 
all  similar  in  form  and  structure.  The 
largest  of  these  suckers  are  said  by  Mr. 
King  of  flacker  ttom  short  Harvcy  to  have  been  about  an  inch  in 
arms  of  No.  5.  diameter,  when  fresh.    The  largest  of 

their  marginal  rings  in  my  possession  are  '65  of  an  inch  in 
diameter,  at  the  serrated  edge,  and  '75  beneath.  The  rings  of 
the  smaller  suckers  are  more  oblique  and  more  contracted  at 
the  aperture,  with  the  teeth  more  inclined  inward,  those  on  the 
outside  margin  being  largest.  The  two  long  tentacular  arms  are 
remarkable  for  their  slenderness  and  great  length  when  com- 
pared with  the  length  of  the  body.  Mr.  Harvey  states  that  they 
were  each  24  feet  long  and  2*75  inches  in  circumference  when 
fresh.  In  the  brine  and  alcohol  they  have  shrunk  greatly,  and 
now  measure  only  13*5  feet  in  length,  while  the  circumference  of 
the  slender  portion  varies  from  2*25  to  3*25  inches.  These  arms 
were  evidently  highly  contractile,  like  those  of  many  small  spe- 
cies, and  consequently  the  length  and  diameter  would  vary  greatly 
according  to  the  state  of  contraction  or  relaxation.  The  length 
given  (24  feet)  probably  represents  the  extreme  length  in  an  ex- 
tended or  flaccid  condition,  such  as  usually  occurs  in  these  animals 
soon  after  death.    The  slender  portion  is  three-cornered  or  tiique- 
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tral  in  form,  with  the  outer  angle  round,  the  sides  slightly  eon- 
caye,  the  marginal  angles  prominent,  and  the  inner  face  a  little 
convex  and  generally  smooth,  except  toward  the  end,  where  it 
begins  to  enlarge.  Although  so  slender,  these  arms  are  very 
strong  and  elastic.  The  terminal  portion,  bearing  the  suckers,  is 
30  inches  in  length  and  expands  gradually  to  the  middle,  where  it 
is  4'5  to  5  inches  in  circumference  (6  inches  when  fresh),  and  1'6 
to  1-6  across  the  inner  face.  The  sucker-bearing  portion  may  be 
divided  into  three  parts.  The  first  region  occupies  about  7  inches, 
in  which  the  arm  is  triquetral,  with  margined  lateral  angles,  and 
gradually  increases  up  to  the  maximum  size,  the  inner  face  being 
convex  and  bearing  about  forty  irregularly  scattered,  small,  flat- 
tened, saucer-shaped  suckers,  attached  by  very  short  pedicels,  and 
so  placed  in  depressions  as  to  rise  but  little  above  the  general  sur- 
face. These  suckers  have  narrow  marginal  rings,  with  the  thin 
edges  nearly  smooth,  or  minutely  denticulate,  and  '10  to  '12  of  an 
inch  in  diameter,  surrounded  by  a  thick  and  prominent  marginal 
membrane.  These  suckers  are  at  first  distantly  scattered,  but  be- 
come more  crowded  as  the  arm  increases  in  breadth,  until  they  form 
five  or  six  very  irregular  rows,  covering  the  whole  width  of  the 
inner  face,  which  becomes  here  1*6  inches  broad.  Scattered  among 
these  suckers  are  about  as  many  low,  broad,  conical,  smooth,  cal- 
lous verrucfle;  or  wart-like  prominences,  rising  above  the  general 
surface,  their  central  elevation  corresponding  in  form  and  size  to 
the  apertures  of  the  adjacent  suckers.  These,  without  doubt,  are 
intended  to  furnish  secure  points  of  adhesion  for  the  correspond- 
ing suckers  of  the  opposite  arm,  so  that,  as  in  some  other  genera, 
these  two  arms  can  be  fastened  together  at  this  wrist-like  portion, 
and  thus  they  can  be  used  unitedly.  By  this  means  they  must  be- 
come far  more  efficient  organs  for  capturing  their  prey  than  if  used 
separately.  Between  these  smooth  suckers  and  the  rows  of  large 
ones  there  is  a  cluster  of  about  a  dozen  small  suckers,  with  ser- 
rate margins,  mostly  less  than  a  quarter  of  an  inch  in  diameter, 
attached  by  slender  pedicels,  and  with  an  oblique  marginal  ring, 
strongly  and  sharply  serrate  on  the  outer  margin. 

The  second  division  of  the  sucker-bearing  part  of  the  arm  suc- 
ceeds the  small  suckers.  Here  the  arm  is  well  rounded  on  the 
back  and  flattened  on  the  face,  where  it  bears  two  alternating  rows 
of  very  large  serrate  suckers,  and  an  outer  row  of  small  ones  on 
each  side,  alternating  with  the  large  ones.    The  inner  edge  is  bor- 
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dered  by  a  rather  broad,  regularly  scalloped,  marginal  membrane, 
the  scallops  corresponding  to  the  large  suckers.  On  the  other 
edge  there  is  a  narrower  and  thinner  membrane,  which  runs  all 
the  way  to  the  tip  of  the  arm,  just  outside  the  suckers.  In  one  of 
the  rows  of  large  suckers  there  are  eleven,  and  in  the  other  ten, 
above  half  an  inch  in  diameter,  but  each  row  has  at  either  end  one 
or  two  smaller  ones,  from  a  half  an  inch  to  a  quarter  of  an  inch  in 
Fig.  4.  diameter,  so  that  either  twelve  or 

thirteen  might  be  counted  as  be- 
longing to  the  rows  of  large  suck- 
ers. The  largest  of  these  (fig.  4, 
a)  are  from  1  to  1-15  inches  in  di- 
anpeter  at  the  margin.  These  are 
attached  by  strong,  though  slender, 
pedicels,  so  that  their  margins  are 
elevated  about  an  inch  above  the 
Suckers  fyom  long  arms  of  No.  6.      Surface  of  the  arm.    Each  one  is 

situated  in  the  centre  of  a  pentag- 
onal depressed  area,  about  an  inch  across,  bounded  by  ridges, 
which  alternate  regularly,  and  interlock  on  the  two  sides,  so  as  to 
form  a  zigzag  line  along  the  middle  of  the  arm.  These  large 
Backers  are  campanulate,  and  somewhat  oblique;  the  marginal 
ring  is  strong,  and  sharply  serrate  all  around.  The  small  marginal 
suckers  (fig.  4,  b)  are  similar  in  structure,  but  more  oblique,  and 
mostly  only  '3  to  '4  of  an  inch  in  diameter ;  they  are  attached  by 
much  longer  and  more  slender  pedicels,  and  their  marginal  teeth 
are  relatively  larger  and  more  incurved,  especially  on  the  outer 
margin.  By  reason  of  their  longer  pedicels  they  rise  to  the  same 
height  as  the  large  ones.  The  third,  or  terminal  division  of  the 
arm,  gradually  becomes  much  compressed  laterally,  and  tapers 
regularly  to  the  tip,  which  is  flat,  blunt,  and  slightly  incurved. 
Just  beyond  the  large  suckers,  where  this  region  begins,  the  cir- 
cumference is  3 '5  inches.  The  face  is  narrow  and  bears  a  large 
number  of  small  serrate  and  pedicellate  suckers,  arranged  in  four 
regular  alternating  rows,  and  gradually  diminishing  in  size  to  the 
tip  of  the  arm,  where  the  rows  expand  into  a  small  cluster.  These 
suckers  are  much  like  the  marginal  ones  of  the  previous  division, 
and  at  first  are  about  '25  of  an  inch  in  diameter,  but  decrease  to 
about  'lO  of  an  inch  near  the  tip  of  the  arm.  The  lateral  mem- 
brane or  fold  of  skin,  of  the  preceding  divisions,  recedes  farther 
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from  the  margin  near  the  commencement  of  this  division,  and 
gradually  passes  around  to  the  back  side,  where  it  forms  a  broad, 
thick  wing  or  keel,  extending  to  the  tip.  The  color,  where  pre- 
served, is  pale  reddish,  with  thickly  scattered  small  spots  of 
brownish  red. 

The  form  of  the  jaws  of  this  specimen  is  well  shown  by  figs.  6 
and  6.  When  in  place,  these  jaws  constitute  a  powerful  beak, 
looking  something  like  that  of  a  parrot  or  hawk,  except  that  the 

Fig.  5. 


Upper  Jaw  of  Architeuthis  monachaB,  No.  5.    Natural  eize. 

upper  jaw  shuts  into  the  lower,  instead  of  the  reverse,  as  in  birds. 
In  life  the  great  spaces  behind  and  between  the  large,  thin,  lateral 
and  posterior  processes  and  expansions  are  filled  with  firm  muscles 
and  cartilage,  which  support  and  give  great  strength  to  the  beak. 
The  color  is  dark  brown,  becoming  almost  black  toward  the  tip, 
where  its  substance  is  thicker  and  firmer,  and  smoothly  polished 
externally.  The  upper  jaw  (fig.  5)  measures  3-85  inches  in  total 
length ;  1  inch  in  greatest  breadth ;  and  2*50  from  front  to  back. 
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The  lower  jaw  (fig.  6)  is  3  inches  long ;  2*75  broad  ;  and  2-65  fVom 
front  to  back.  ' 

Fig.  6. 


Fig.  7. 


Fig.  8. 


Lo'wcr  jaw  of  Architeathis  monachuB,  No.  5.   Natara]  size. 

The  small  squids  of  our  coast  have  a  very  similar  pair  of  jaws. 
Those  of  Loligo  pallida  (figs.  7,  8),  are  here  figured,  twice  the 

natural  size,  for  comparison  and  to 
explain  the  terms  used  in  describ- 
ing the  large  jaws.  The  lower  jaws 
of  the  large  squids  are  more  char- 
acteristic than  the  upper  ones.  In 
the  one  under  consideration  the 
points  to  be  particularly  noticed 
Jaws  of  Loligo  paiuda.«  ^^^^  ^^^^^  ^]^q  narrow,  but  decided 

notch  at  the  base  of  the  nearly  straight  cutting  edge ;  second,  the 
broad,  low,  rounded  projection  or  tooth  on  the  anterior  edge  of 
the  alfle ;  third,  the  angle  between  the  edges  of  the  alse  and  the 
rostrum  is  nearly  a  right  angle,  and  the  tip  of  the  jaw  is  slightly 
incurved. 

0  Fignre  7,  npper  jaw,  and  8,  lower  jaw  of  Loligo  pallida  V.,  enlarged  two  diameters ; 
a,  the  rostrum  or  beak;  a&,  tiie  cutting  edge,  wi^ti  a  notcli  at  6;  &c,  the  anterior  edge  of 
the  al»  or  wings ;  d,  the  frontal  lamina  in  the  upper  jaw,  or  chin-portion  (mentum)  in 
the  lower  jaw;  e,  the  palatine  lamina  In  the  upper  jaw,  or  gular  lamina  in  the  lower 
jaw. 
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The  most  remarkable  anatomical  character  observed  in  this  spec- 
imen is  ibund  in  the  form  and  arrangement  of  the  teeth  on  the 
"lingual  ribbon,"  or  odontophore^  for  in  this  respect  it  differs 
widely  from  all  other  known  Cephalopods. 

The  ordinary  squids  and  cuttle-fishes  all  have  these  teeth 
arranged  in  seven  regulaf  longitudinal  rows ;  those  of  the  three 
middle  rows  being  generally  two  or  three-pronged,  as  in  Loligo 

Fig.  9. 


Teeth  of  Loligo  pallida,  mucli  enlarged. 

pallida  (fig.  9),  while  the  lateral  rows  have  long,  simple,  fang-like 
teeth.  But  in  this  species  (fig.  10),  the  teeth  are  very  irregularly 
scattered  over  the  surface  of  the  broad  thin  membrane,  and  it  is 
difi3cult  to  trace  the  rows,  if  such  they  can  be  called,  for  the , 
arrangement  seems  to  be  somewhat  in  irregular  quincunx.  The 
number  of  rows,  however,  cannot   be  less  than  twenty.    These 

Fig.  10. 


vl^l^  i 


Lingrual  teeth  of  Architeuthis  monachaSi  No.  5. 

teeth  are  all  simple,  but  vary  considerably  in  size  and  form.  They 
are  all  attached  by  a  more  or  less  rounded,  flattened  base,  and  all 
are  considerably  curved  ;  some  are  broad  and  tapering ;  others  are 
slender  and  acute ;  but  the  different  forms  and  sizes  are  irregu- 
larly intermingled  across  the  whole  breadth  of  the  membrane.'' 

'  Irregular  grannies  of  eilica  are  scattered  in  great   numbers  over  the  membrane 
amoDg  the  teeth^  and  similar  grains  are  embedded  in  the  membrane  lining  the  mouth. 
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This  peculiar  type  of  dentition  must  be  regarded  as  an  extremely 
generalized  one.  Whether  it  be  also  an  embrj'onic  type,  or  one 
that  prevailed  in  ancient  geological  periods  must  be  left  for  future 
determination.  The  character  of  these  teeth  indicates  that  this 
genus  should  hold  low  rank  among  the  related  genera.  This  con- 
clusion is  confirmed  both  by  the  structure  of  the  caudal-fin,  or 
tail,  which  somewhat  resembles  the  early  condition  of  the  fins  in 
the  young  Loligo,  soon  after  it  hatches,  and  by  the  form  and  struct- 
ure of  the  internal  shell  or  "  pen,"  which  is  also  very  simple  in 
structure,  and  but  little  differentiated  or  specialized. 

The  portions  of  the  pen  in  my  possession  belong  mostly  to  the 
two  ends,  with  fragments  from  the  middle  region,  so  that  although 
neither  the  actual  length  nor  the  greatest  breadth  can  be  given,  we 
can  yet  judge  very  well  what  its  general  form  and  character  must 
have  been.  It  was  a  broad  and  extremely  thin  structure,  of  a  yel- 
lowish brown  color,  and  translucent.  Its  anterior  portion  resem- 
bles that  of  Loligo^  but  its  posterior  termination  is  entirely 
different,  for  instead  of  having  a  regular  lanceolate  form,  tapering 
to  a  point  at  the  posterior  end,  as  in  Loligo^  it  expands  and  thins 
out  toward  the  posterior  end,  which  is  very  broadly  rounded  or 
irregularly  truncate,  fading  out  insensibly  both  at  the  edges  and 
end  into  soft  meipbrane.  The  anterior  end,  for  about  an  inch  and 
a  half,  was  rapidly  narrowed  to  a  pen-like  point,  as  in  Loligo; 
from  this  portion  backward  the  width  gradually  increases  from  1*2 
inches  to  5  inches,  at  a  point  25  inches  from  the  end,  where  our 
specimen  is  broken  off;  at  this  place  the  marginal  strips  are 
wanting,  but  the  width  is  5  inches  between  the  lateral  midribs, 
which  were,  perhaps,  half  an  inch  from  the  margin.  Along  the 
centre  of  the  shell,  there  is  a  strong,  raised,  rounded  midrib, 
which  fades  out  a  short  distance  fVom  the  po^iior  end,  but  is 
very  conspicuous  in  the  middle  and  anterior  sections.  On  each 
side  of  the  midrib  is  a  lateral  rib  of  smaller  size.  These  at  first 
diverge  rapidly  from  the  central  one,  and  then  run  along  nearly 
parallel  with  the  outer  margin  and  about  -4  of  an  inch  from  it,  but 
beyond  11  inches  from  the  point  the  margins  are  torn  off.  Like 
the  midrib  the  lateral  ribs  gradually  fade  out  before  reaching  the 
posterior  end ;  near  the  place  where  they  finally  disappear,  they 
are  about  6  inches  apart. 

From  the  above  description  it  will  be  seen  that  the  most  impor- 
tant and  most  characteristic  features  of  this  species,  or  rather  of 
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the  genus  to  which  it  belongs,  are  to  be  found  in  the  lingual  den- 
tition^  in  the  internal  shell,  in  the  form  of  the  caudal-fins,  and4n  the 
cluster  of  small  suckers  and  tubercles  on  the  long  arms.  As 
already  stated,  the  first  three  of  these  peculiarities  indicate  a  low, 
or  generalized  structure,  and  therefore  a  low  rank  in  our  system  of 
classification,  unless  it  shanld  be  found  to  have  some  other  char- 
acters not  yet  known  and  of  greater  importance,  which  might  out- 
weigh those  here  given.  It  will  appear,  therefore,  that  this  genus 
of  huge  squids  should  be  classed  below  Loligo,  which,  in  its  turn, 
would  go  below  Ommastrephes,  to  which  genus  the  common  small 
sqaids  of  our  northern  coasts  belong,  for  the  latter  genus  has  dis- 
tinct eyelids,  which  are  not  found  in  Loligo,  and  the  internal  shell 
is  also  more  specialized. 

The  pen  of  our  Architeuthis  seems  to  resemble  that  of  the 
ancient  genus  Teudopsis,  found  fossil  in  the  Jurassic  formations, 
and  contemporaneous  with  the  huge  marine  saurians,  Icthyosaurus, 
Plesiosaurus,  etc.,  the  "  sea-serpents "  of  those  ancient  seas. 
May  there  not  also  be  huge  marine  saurians  still  living  in  the 
North  Atlantic,  in  company  with  the  giant  squids,  but  not  yet 
known  to  naturalists  ? 

Such  a  belief  seems  quite  reasonable  when  we  consider  how 
many  species  of  great  marine  animals,  both  among  Cephalopods 
and  Cetaceans,  are  still  known  only  from  single  specimens,  or  even 
mere  fragments,  generally  obtained  only  by  chance.  The  speci- 
men above  described,  is,  however,  not  the  only  specimen  of  its 
kind  that  has  been  observed  on  the  American  coast. 

I  have  received  through  Professor  Baird,  of  the  Smithsonian 

Institution,  a  pair  of  jaws  and  two  large  suckers  of  the  long  arms, 

which  were  taken   from  a  specimen  (No.  4), 

cast  ashore  in  Bonavista  Bay,  Newfoundland. 

These  jaws   agree  precisely  in  form  and  size 

with  those  described  above,  so  that  the  size  of 

these  two  individuals  must  have  been  about  the 

same.    The  suckers  (fig.  11),  had  been  dried,  sucker  of  long  arm  of 

and  have  lost  their  true  form,  but  the  marginal     chus,  No.  4!*  Natural 

rings  are  perfect,  and  only  "O-i  of  an  inch  in     *  ®' 

diameter,  and  though  somewhat  smaller  than  in  the  specimen  just 

described,  they  have  the  same  kind  of  denticulation  around  the 

margin.     Their  smaller  size  may  indicate  that  the  specimen  was  a 

female,  but  they  may  not  have  been  the  largest  of  those  on  the  arm. 

A  MSB.  NATURALIST,  VOL.  VL.  Z 
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Accounts  of  an  attack  made  upon  two  men  by  another  specimen, 
in  Conception  Bay,  Oct.  27,  1873,  have  been  published  in  the 
Naturalist,®  and  in  many  other  magazines,  as  well  as  in  the  news- 
papers. In  the  encounter  the  monster  lost  two  of  his  arms  by 
amputation  with  a  hatchet.  A  portion  of  one  of  these  arms,  meas- 
uring nineteen  feet  in  length,  was  preserved  by  Rev.  M.  Harvey 
and  Mr.  Alexander  Murray  for  the  museum  at  St.  John's,  New- 
foundland. It  has  been  photographed,  and  cuts  copied  from  the 
photograph  have  been  published  in  some  of  the  English  maga- 


zines 
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It  is  stated  that  six  feet  of  this  arm  had  been  destroyed  before 
it  was  preserved,  and  the  captors  estimated  that  they  left  from  6 
to  10  feet  attached  to  the  creature,  which  would  make  the  total 
length  between  31  and  35  feet.     According  to  Mr.  Murray  the 
portion  preserved  measured  but  17  feet  in  length,  when  he  exam- 
ined it,  Oct.  31, 1873,  after  it  had  been  a  few  days  in  strong  brine ; 
the  circumference  of  the  slender  portion  was  3-5  to  4  inches ;  of 
the  enlarged  sucker-bearing  part,  6  inches ;    length  of  the  part 
bearing  suckers,  30   inches;    diameter  of  largest  suckers,  1*25 
inches.      Calculating  from  the  photograph,  the  portion  bearing 
the  larger  suckers  was  about  18  inches  in  length,  and  about  2*4 
inches  broad,  across  the  face ;   distance  between  attachments  of 
large  suckers,  1*68;  outside  diameter  of  larger  suckers,  1-16  to 
1-28;  inside  diameter,  '74  to  1  inch;  diameter  of  small  suckers 
of  the  outside  rows,  '40  to  '48  of  an  inch.      Comparing  all  these 
dimensions  with  those  of  the  Logic  Bay  specimen,  and  calculating 
the  proportions  as  nearly  as  possible,  it  follows  that  this  specimen 
was  very  nearly  one-third  larger  than  the  latter,  but  the  large 
suckers  appear  to  have   been  relatively  smaller,  for  they  were 
hardly  one-twelfth  larger  than  in  the  Logic  Bay  specimen.     As 
the  relative  size  of  the  large  suckers  is  a  good  sexual  character 
among  squids,  it  is  probable  that  this  individual  was  a  female. 
In  form,  proportions  and  structure,  it  agrees  very  closely  with  the 
specimen  first  described,  and  therefore  1  do  not  hesitate  to  refer  it 
to  the  same  species.     The  lack  of  denticles  on  the  margins  of  the 
large  suckers  is  probably'  due  to  accidental  injury,  either  before  or 

•  Vol.  viil,  No.  2,  p.  120,  February,  1874,  in  a  letter  from  Mr.  Alexander  Murray. 

•  See  "Annals  and  Magazine  of  Natural  History,"  vol.  xiii.  p.  68;  and  **Tlie  Field,'* 
Dec.  13, 1873.  The  central  line  of  this  photograph  is  reduced  four  and  a  quarter  tlmea, 
while  the  firont  part  is  reduced  about  four  times. 
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after  death, ^^  but  this  may  possibly  be  a  sexual,  character.  The 
fishermen  estimated  the  body  of  this  individual  to  have  been 
about  60  feet  in  length  and  5  feet  in  diameter,  but  if  the  above 
proportions  be  correct,  as  I  believe,  then  the  body  could  not  have 
been  more  than  about  10  feet  long,  and  2*5  feet  in  diameter,  and 
the  long  arms  should  have  been  about  32  feet  in  length.  Allowing 
2  feet  for  the  head,  the  total  length  would,  therefore,  be  44  feet. 

Another  specimen  (No.  3),  probably  of  the  same  species,  and 
similar  in  size  to  the  last,  was  captured  at  Coombs'  Cove,  New- 
foundland. The  following  account  has  been  extracted  from  a 
newspaper  article  of  which  I  do  not  know  the  precise  date,  for- 
warded to  me  by  Professor  Baird,  together  with  a  letter,  dated 
June  15, 1873,  from  T.  R.  Bennett,  Esq.,  of  English  Harbor,  N.  F., 
who  states  that  he  wrote  the  article,  and  that  the  measurements 
were  made  by  him,  and  are  perfectly  reliable. 

"Three  days  ago,  there  was  quite  a  large  squid  jran  almost 
ashore  at  Coombs'  Cove,  and  some  of  the  inhabitants  secured  it. 
The  body  measured  10  feet  in  length  and  was  nearly  as  large 
round  as  a  hogshead.  One  arm  was  about  the  size  of  a  man's 
wrist,  and  measured  42  feet  in  length ;  the  other  arms  were  only 
6  feet  in  length,  but  about  9  inches  in  diameter,  very  sLout  and 
strong.  The  skin  and  flesh  were  2-25  inches  thick,  and  reddish  in- 
side as  well  as  out.  The  suction  cups  were  all  clustered  together, 
near  the  extremity  of  the  long  arm,  and  each  cup  was  surrounded 
by  a  serrated  edge,  almost  like  the  teeth  of  a  hand-saw.  I  pre- 
sume it  made  use  of  this  arm  for  a  cable,  and  the  cups  for  anchors, 
when  it  wanted  to  come  to,  as  well  as  to  secure  its  prey,  for  this 
individual,  finding  a  heavy  sea  was  driving  it  ashore,  tail  first, 
seized  hold  of  a  rock  and  moored  itself  quite  safelj'  until  the  men 
pulled  it  on  shore." 

It  would  appear  from  this  description,  that  one  of  the  long  arms 
had  been  lost  before  the  capture.  The  large  diameter  of  the  short 
arms,  compared  with  their  length,  and  with  the  size  of  the  long 
arms,  is  the  only  point  in  which  this  specimen  apparently  difiered 
essentially  from  those  described  above.  Possibly  the  circum- 
ference was  intended,!^  which  would  make  the  proportions  agree 
well  with  those  of  the  other  specimens.  • 

In  a  letter  from  Mr.  Harvey,  dated  Dec.  10,  1873,  he  says  that 

»>Tbe  photograph  shows  that  the  Backers  bad  been  mach  injared,  and  only  six  of 
the  lai^er  ones  remained. 

u  A  simUar  mistake  actually  occurred  in  the  description  of  the  long  arms,  in  the  letter 
firom  Mr.  Murray,  published  in  the  American  Naturalist  for  February,  1873,  p.  122, 
referred  to  above,  but  in  that  instance  the  en*or  was  very  obvious. 
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the  speaker  of  the  House  of  Assembly  stated  to  him  that  he  had 
measured  a  specimen  cast  ashore  in  Fortune  Bay,  which  was  be- 
tween 42  and  43  feet  in  length,  the  body  and  head  together  being 
between  12  and  13  feet,  and  the  two  long  arms  each  30  feet.  This 
we  may  designate  as  No.  6.  ^ 

Dr.  Honeyman,  Geologist  of  Nova  Scotia,  has  published  in  a 
Halifax  paper,  a  statement  made  to  him  by  a  gentleman  who 
claims  to  have  been  present  at  the  capture  of  another  specimen 
(No.  7)  in  the  Straits  of  Belle  Isle,  at  West  St.  Modent,  on  the 
Labrador  side.  "It  was  lying  peacefully  in  the  water  when  it 
was  provoked  by  the  push  of  an  oar.  It  looked  fierce  and  ejected 
much  water  from  its  funnel ;  it  did  not  seem  to  consider  it  neces- 
sary to  discharge  its  sepia,  as  moUusca  of  this  kind  generally 
do,  in  order  to  cover  their  escape."  ♦  ♦  ♦  ♦  "The  length 
of  its  longest  arm  was  37  feet;  the  length  of  the  body  15  feet; 
whole  length  62  feet.  The  bill  was  very  large.  The  suckers  of 
its  arms  or  feet,  by  which  it  lays  hold,  about  2  inches  in  diameter. 
The  monster -was  cut  up,  salted,  and  barrelled  for  dog's  meat." 
In  this  account  the  length  given  for  the  "body"  evidently  includes 
the  head  also.  This  creature  was  probably  disabled,  and  perhaps 
nearly  dead,  when  discovered  at  the  surface,  and  this  seems  to 
have  been  the  case  with  most,  if  not  all,  of  the  specimens  hitherto 
seen  living.  Animals  of  this  sort  probably  never  float  or  lie 
quietly  at  the  surface  when  in  good  health.  The  specimen  last 
described  (No.  7)  may,  possibly,  have  belonged  to  A,  princeps^  if 
the  length  of  the  body  be  correctly  stated. 

Jlr.  Harvey  also  refers  to  a  statement  made  to  him  by  a  clergy- 
man. Rev.  M.  Gabriel,  that  two  specimens  (Nos.  8  and  9),  meas- 
uring respectively  40  and  45  feet  in  total  length,  were  cast  ashore 
at  Lamaline,  on  the  southern  coast  of  Newfoundland,  in  the  win- 
ter of  1870-71.  These  may  also  have  been  of  the  same  species 
as  those  described  above,  all  of  which  I  now  refer  to  Architeuthis 
monachus  of  Steenstrup. 

Note.— Since  the  above  has  been  in  type,  Mr.  Kent's  paper,  referred  to  on  pa^re  24 
has  been  receiTe#  by  the  editors  of  the  "American  Journal  of  Science,''  and  will  be 
again  noticed  in  our  next  article. 

[To  he  continued.] 
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BY  A.  S.  PACKARD,  JR. 

IV.    THE  LABYRINTHULiB. 

Wb  would  not  pass  over  certain  forms  doubtfully  referred  to 
the  Protozoa,  by  Cienkowski,  the  only  one  who  has  studied  them, 
and  placed  by  Hseckel  near  the  Diatoms  and  Desmids,  in  his 

Fig. 12. 


Labyrinth  ula. 

kingdom  "  Protista,"- but  which  may  be  provisionally  located  near 
the  Rhizopods.  These  organisms  were  found  by  Cienkowski  at 
Odessa  beneath  the  seaweeds  growing  on  the  piles  in  the  harbor. 
They  are  minute,  orange-colored  organisms,  forming  reticulated 
threads  which  enclose  spindle-shaped  nucleated  bodies.  Fig.  12, 
represents  Labyrpnthula  macrocyatiSj  highly  magnified,  with  the 
single  spindle-shaped  bodies  starting  out  from  the  mass  on  the 
left,  and  gliding  over  the  "rope  walk,"  or  framework  of  threads. 
Cienkowski  gives  the  following  results  of  his  investigations  on  the 
natore  of  these  singular  organisms,  which  we  hope  may  be  discov- 
ered in  this  country : 

1.  They  present  masses  of  cells  which  Enclose  a  nucleus,  and 
which  increase  in  number  by  division ;  they  possess  a  certain  de- 
gree of  contractility,  and  ndw  and  then  are  covered  with  a  cortical 
substance. 

(37) 
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2.  These  cells  exude  a  fibrous  substance,  which  makes  a  stiff, 
tree-like  network,  forming  a  branching  framework. 

8.  The  cells  leave  the  mass  and  glide  in  different  directions 
along  the  framework  to  the  periphery  of  the  mass.  The  Laby- 
rinthula  cells  can  only  continue  their  peregrinations  when  sup- 
ported by  this  line  of  threads. 

Development.  The  moving  cells  unite  in  a  new  mass  and  be- 
come cysts,  in  which  each  cell  is  surrounded  by  a  hard  covering, 
the  whole  being  held  together  by  a  rind-like  substance. 

After  some  time  four  small  granules  are  formed  from  each  cyst, 
which  most  likely  become  young  Labyrinthula  cells. 

He  concludes  that  "  these  peculiar  organisms  bear  no  relation 
to  any  known  group  of  beings  of  either  of  the  organic  kingdoms. 
They  cannot  be  classed  with  the  sponges,  Bhizopoda,  Gregarinae, 
or  ciliated  Infusoria,  or  with  the  algae  or  fungi.'\ 

LITERATURE. 
Cienkowiki,   Ueber  die  Ban  und  Entwlcklang  der  Labsrriothaleen.    (Schultze's  Ar- 
dhiT,  J867.    Abstract  in  Quart  Joum.  Mior.  Science,  1867.) 

V.    THE  FLAGELLATA. 

As  with  the  Amoeba-stage  of  the  lower  Protbzoa,  so  we  have  had 
anticipations  of  the  Monads,  as  the  Flagellata  may  be  popularly 
styled,  in  the  zoospores  of  the  lower  Protozoa  and  Monera.  The 
monads  in  point  of  structure  are  scarcely  more  highly  organized 
in  their  lowest  forms  than  the  spores  of  the  algae  and  the  zoo- 
spores of  the  other  Protozoa,  for  which  they  are  often  mistaken. 
They  are  exceedingly  minute,  oval  bodies,  with  a  nucleus  and 
contractile  vesicle  and  one  or  two  long  whip-like  cilia,  whence  the 
term  Flagellata, 

The  true  monads  have  been  studied  by  the  late  Professor  H.  J. 
Clark  with  more  success  than  by  any  one  else.  Manas  termo  Ehr.  ? 
is  much  like  single  individuals  of  Urella  glauconia  Ehr.?  (Fig.  13), 
though  the  body  is  shorter  and  more  regularly  oval.  It  is  faint  olive 
in  color.  The  monads  are  provided  with  one  or  more  flagella,  or 
bristle-like  cilia,  situateil  in  M,  termo  on  the  front  near  the  beak- 
like prolongation  of  the  body.  In  swimming  the  monad  stretches 
out  the  flagellum,  which  "  vibrates  with  an  undulating,  whirling 
motion,  which  is  most  especially  observable  at  its  tip,  and  pro- 
duces by  this  mode  of  propulsion  the  {peculiar  rolling  of  the  body, 
which  at  times  lends  so  much  grace  to  its  movements  as  it  glides 
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ftom  place  to  place"  (Clark).  When  the  monad  is  fixed  the  flagel- 
lum  is  used  to  convey  food  to  the  mouth,  which  lies  between  the 
base  of  the  flagellum  and  beak,  or  "lip,"  as  Clark  calls  it.  The 
food  is  thrown  by  a  sudden  jerk  and  with  precision,  directly 
against  the  mouth.  "  If  acceptable  for  food,  the  flagellum  presses 
its  base  down  upon  the  morsel,  and  at  the  same  time  the  lip  is 
thrown  back  so  as  to  disclose  the  mouth,  and  then  bent  over  the 
particle  as  it  sinks  into  the  latter.  When  the  lip  has  obtained  a 
fair  hold  upon  the  food,  the  flagellum  withdraws  from  its  incum- 
bent position  and  returns  to  its  former  rigid,  watchful  condition. 
The  process  of  deglutition  is  then  carried  on  by  the  help  of  the  lip 
alone,  which  expands  latterly  until  it  completely  overlies  the  par- 
ticle. All  this  is  done  quite  rapidly,  in  a  few  seconds,  and  then 
the  food  glides  quickly  into  the  depths  of  the  body,  and  is  envel- 
oped in  a  digestive  vacuole,  whilst  the  lip  assumes  its  usual  con- 
ical shape  and  proportions." 

All  the  monads. have  a  contractile  vesicle.  In  Monas  termo, 
Clark  observes  that  it  is  "  so  large  and  conspicuous  that  its  globu- 
lar form  may  be  readily  seen,  even  through  the  greatest  diameter 
of  the  body ;  and  contracts  so  vigorously  and  abruptly,  at  the 
rate  of  six  times  a  minute,  that  there  seems  to  be  a  quite  sensible 
shock  over  that  side  of  the  body  in  which  it  is  embedded."  The 
contractile  vesicle  is  thought  to  represent  the  heart  of  the  higher 
aninoals.  The  reproductive  organ  may  possibly,  says  Clark,  be 
represented  in  Monas  termo.  by 
a  "very  conspicuous,  bright, 
highly  refracting,  colorless  oil- 
like globule  which  is  enclosed 
in  a  clear  vesicle"  called  the  nu- 
cleus. This  and  other  monads 
live  either  free,  or  attached  by 
a  slender  stalk.  As  an  example 
of  the  compound  or  aggregated 
monads    may  be    cited    Urklla 

(Fig.  13),  probably  glaucoma  of  Ehrenberg,  of  which  an  account, 
with  accompanying  figures,  here  reproduced,  was  published  by 
Prof.  A.  H.  Tuttle  in  the  American  Naturalist,  vi,  286.  Figs.  13, 
14  and  15  represent  two,  five,  and  about  forty  monads  of  this  spe- 
cies, magnified  1000  diameters.  Fig.  16  is  an  ideal  section  thi'ough 
a  colony  of  this  monad.    Urella,  as  Tuttle  observes,  "probably 
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Pig.  U. 


A  group  of  flye  Monads  (Urella). 
Pig.  15. 


A  colony  of  about  forty  Monads  (Urella). 
Fig.  16. 


Ideal  section  through  a  colony  of  Urellae. 
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finds  its  nearest  ally  in  Anthophysa,  differing  from  that  genus 
principally" in  being  fi-ee  swimming  instead  of  fixed  upon  a  stalk." 
The  genera  ChlamySomonas  and  Colpodella  are  represented  at 
Fig.  20,  B.  A  higher  form  than  Monas  is  Codosiga  (Fig.  17)  in 
which  the  ov^l  body  is  stalked  and  continued  in  front  into  a  very 
highj  membranous  bell-shaped  collar.  Other  monads  are  certain 
human  parasites,  i.e.,  Cercomonas  urinariuSj  C.  intestinalis  and 
Trichomonas  vaginalis. 

The  second  family  of  monads  are  the  Astasicea.  Here  belong 
Astasia  and  EuglenJi  (Fig.  18);  The  former  genus  is  somewhat 
amoeba-like  in  the  changes  which  it  undergoes,  its  body,  according 
to  Clark,  during  its  amoeboid  retroversions  becoming  "  contorted 
into  a  shapeless,  writhing  mass."  They  have  a  conspicuous,  red 
so-called  "  eye-spot."  A  similar  organ  occurs  in  the  zoospores  of 
some  algae. 

The  third*  family  of  Flagellata,  the  Peridinea,  is  represented  by 
Heteromastix,  Dysteria,  Pleuroneilia,  Peridinium  and  Ceratium. 
Clark  observes  that  Heteromastii  is  a  transitional  form  connect- 
ing the  Flagellata  with  the  Ciliata  or  true  Infusoria.  Dysteria  is 
still  nearer  to  the  Inftisoria.  Clark'  describes  it  as  a  two-shelled 
infusorian,  with  the  open  space  between  the  shells  provided  with 
"a  row  b^  closely  set,  large  vibratile'  cilia,"  with  one  larger  than 
the  others,  the  true  flagelliim.  After  a  careful  descriptioii  of  this 
organism'h'e  concludes  that  ^4n' all  the  organization  of  this  animal 
there  is  nothing  which  is  not  strictly  infusorian  in  character.  The 
jaw-like  bodi'es  are  not  confined  to  this  alone,  for  there  are  quite  a 
number  of  others  wfiich  possess  a  similar  apparatus  at  or  near  the 
mouth.  Chfl6dori*has  a  complete  Circle  of  straight  rods  around 
the  mouth.  As  for  the  pivot  it  is  nothing  but  a  kind  of  stem,  such 
as  exists  on^a  larger  scale  in  Stentor,^6r  is  more  particularly  spe- 
cialized in' the  pedestals  of  Episty lis,  Zoothamnium,  or  Podo- 
phrya ;  arid  as  counter  to  what  we  see  in  these  last,  I  would  state 
that.there  are  certain  of  the  Vorticellians  closely  related  to  Epis- 
tylis,  which"  have  no  stem  whatever,  and  swim  about  as  freely  as 
Dysteria." '  -;  . 

The  Monads  are  divided  into  three  families,  thus  characterized 
by  Claus  in  his  "Grundzuge  der  Zoologie :" 

1.  Jlfonadmq.._Bpflysri:5:q,ll,. rounded,  naked  or  with  a  tough 
membrane ;  resembling  the  zoospores  of  algae,  etc. 

2.  AstasicBG,  Body  naked  and  changeable  like  the  monads, 
oDly  bearing  flagella. 
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a.   Peridinea.    Body  having,  besides  the  flagellum,  a  row  of 

cilia. 

Development,    The  common  form  of  reproduction  is  by  simple 

self-division.     Clark  describes  this  as  he  observed  it  in  Codosiga 
Fig.  17.  pulcherrimus  (Fig.  1 7,  A) .  The  act  requires  forty 

minutes.  The  first  sign  of  fission  is  a  bulging 
out  of  the  collar,  which  becomes  still  more  bell- 
shaped.  The  flagellum  next  disappears.  Then 
marks  of  self-division  appear  in  a  narrow, 
slight  furrow  (Fig.  17,  B,  e),  extending  from 
the  front  half-way  back  along  the  middle  of  the 
body.  Meanwhile  the  collar,  which  had  become 
conical,  expands,  and,  most  striking  change  of 
all,  two  new  flagella  appear.  Then  the  collar 
splits  into  two  (Fig.  17),  and  soon  the  two  new 
Codosigae  become  perfected,  when  they  split 
asunder,  and  become  like  the  original  Codosiga. 
Such  is  the  usual  mode  of  multiplication  of  the 
species  in  the  monads. 

A  second  mode,  that  of  becoming  encysted, 
has  been  rarely  o^: served.  Carter,  so  far  as  we 
are  aware,  was  the  first  to  attempt  to  trace  the 
life  history  of  a  monad.  We  copy  the  follow- 
ing figures  from  his  memoir.  Fig.  A  represents 
two  Euglena  viridis  in  conjunction ;  n,  the  nu- 
cleus, c,  contractile  vesicle,  and  r,  the  red  body ; 
B  and  C  the  same  after  the  breaking  up  of  the 

contents  into  the  embryonic  zoospores.    The  two  Euglense  finally 

Fig.  18, 


Fission  of  Codosiga. 


Development  of  Euglena  yiridis. 

separate  and  each  becomes  spherical,  encysted  as  at  D.     Fig.  18 
illustrates    the  mode  of  development  in  Euglena  agilis.    A  repre- 
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sents  the  adalt  Euglena,  taken  from  the  brackish  water  of  marshes 
at  Bombay ;  B,  the  resting  stage,  transverse  division  having  taken 
place,  and  showing  that  the  red  body  is  not  developed  in  the  lower 

Fig.  10. 


DcTelopment  of  Eaglena  agilie. 

half;  D,  the  same,  with  a  quadruple  longitudinal  division,  showing 
that  the  red  body  is  equally  multiplied ;  E,  linear  development, 
probably  by  longitudinal  division,  as  the  red  body  is  present  in 
each  cell. 

We  copy  a  portion  of  the  figures  and  account  of  the  devel- 
opment of  ColpodeUa  pugnqx  as  given  by  Cienkowski.    Figure 

Fig.  20. 


Development  of  Colpodella. 

20,  A,  represents  this  monad  before  taking  food ;  B  represents 
three  Colpodellse  in  the  act  of  absorbing  the  nucleus  of  a  Chlamy- 
domonas ;  at  C  is  a  single  Colpodella,  without  the  nucleus,  and 
much  swollen  anteriorly.  Finally  the  Chlamydomonas  is,  as  it 
were,  eviscerated,  nothing  but  the  body  walls  being  left.  After 
this  wholesale  plundering  of  the  contents  of  the  Chlamydomonas, 
it  then  passes  into  a  ^^cell"  or  encysted  state,  as  at  D  (a,  the  mass 
of  food,  colored  red).  The  contents  of  the  cell  then  break  up  into 
a  number  of  masses,  as  at  £,  which  finally,  as  at  F  (the  masses 
destined  to  change  into  zoospores),  issue  A*om  the  cyst  in  a  mass 
surrounded  by  a  thin  membrane,  which  gradually  disappears,  when 
the  free  zoospores  make  off  in  eveiy  direction.  G  represents  the 
encysted  body  of  the  monad,  without  the  ball  of  food.  He  also 
shows  that  another  unknown  monad,  a  species  of  Bodo,  and  three 
species  of  Pseudospora  also  develop  by  becoming  encysted. 
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Messrs.  Dallinger  and  Drysdale  describe  in  two  unknown  mo- 
nads the  process  of  encysting  and  the  development  of  zoospores, 
the  sarcode  mass  passing  through  a  process  resembling  the  seg- 
mentation of  the  egg  into  four,  eight  and  many  spheres,  each 
sphere  ultimately  becoming  a  monad.  The  changes  were  noticed 
with  greater  fhlness  of  detail  in  another  unknown  monad,  Fig. 
21,  A.  When  about  to  pass  into  the  encysted  stage  it  became 
amoeboid  in  its  form,  but  still- veiy  active ;  at  the  stage  B,  how- 
ever, it  became  spherical  and  quiet,  and  finally  lost  the  flagellum. 

Fig.  21. 


Beyelopment  of  a  Monad. 

and  the  contents  suddenly  divided  into  four  portions,  separated 
by  a  white  cruciform  mark  or  furrow.  Then  an  intense  activity 
pervaded  the  sarcode  mass,  "a  sort  of  interior  whirling  motion" 
like  the  rushing  of  water  "round  the  interior  of  a  hollow  glass 
sphere  on  its  way  to  the  jet  of  a  fountain,"  as  indicated  at  C. 
This  action  lasted  from  ten  to  seventy  minutes,  when  it  stopped 
and  the  mass  broke  up  into  small  embryonic  zoospores,  as  at  D, 
which  began  a  "quick  writhing  motion  upon  each  other,  like  a 
knot  of  eels."  After  remaining  in  this  state  from  seven  to  thirty 
minutes,  they  separated  and  swam  away.      Thus  far  they  had 
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passed  tbroagh  the  ordinary  mode  of  formation  of  young  monads, 
bat  the  authors  noticed  among  the  swarm  of  monads  some  much 
larger,  and  differing  from  the  others  in  being  very  granular  towards 
the  flagellate  end.  These  fastened  themselves  upon  one  of  the 
smaller  common  forms.  Fig.  21,  E,  and  finally  absorbed  it,  a  proc- 
ess certainly  analogous  to,  if  not  identical  with,  conjugation.  It 
then  assumed  a  resting  condition,  as  at  F.  The  sphere  then 
opened  slowly  and  a  glairy  looking  fluid  poured  out.  On  careful 
examination  of  this  fluid,  with  powers  of  2500  to  5000  diameters, 
seven  hours  after  emission  tiny  dots,  semi  transparent  and  yellow- 
ish, appeared  as  at  6.  In  an  hour  and  ten  minutes  the  dots  ap- 
peared as  at  H ;  after  two  hours  more  as  at  I.  The  sharp-pointed 
bodies  at  I  became  rounder,  and  from  the  pointed  end  a  flagellum 
developed  as  at  J,  when  they  were  ninety  minutes  older  than  at  I. 
At  this  time  "motion  first  showed  itself;  this,  however,  was  not 
the  motion  usual  to  the  monad,  but  a  motion  of  horizontal  vibra- 
tion from  a  through  b  and  c,  to  (2,  and  then  back  again."  It  then 
swam  away,  became  plump  as  in  K  and  then  was  followed  into 
the  stages  from  A  to  £,  the  last  figure  (L)  representing  the  com- 
plete monad,  thus  passing  through  two  cycles  of  existence. 

Three  modes  of  development  in  the  Flagellata  seem  therefore 
established,  as  follows : — 

1.  Simple  fission. 

2.  The  production  of  monads  by  encysting. 

3.  The  production  of  monads  by  encysting  ^nd  conjugation, 
with  a  resting  stage  and  the  production  of  excessively  minute 
zoospores  which  grow,  finally  becoming  normal  monads. 

It  will  be  seen  that  these  methods  of  increase  are  paralleled  by 
those  observed  in  the  Monera,  the  Gregarinida  and  the  Ehizopoda. 
It  appears  that  there  is  here  nothing  like  a  sexual  development, 
unless  we  have  something  analogous  to  it  in  the  coiyugation  (  ?) 
of  the  monads  described  by  Dallinger  and  Drysdale,  but  which 
they  themselves  do  not  call  conjugation,  merely  confining  them- 
selves to  a  statement  of  the  facts  observed  by  them. 
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VI.    THE  NOCTILUCiE. 

Tossed  from  one  place  to  another  among  the  Prot6zoa,  we  have 
now,  thanks  to  the  researches  of  Cienkowski,  certain  grounds  for 
placing  the  Noctilacae  near,  if  not  among  the  Flagellata,  from  the 
resemblance  of  the  zoospores  to  the  monads ;  while  they  seem  to 
form  a  more  highly  developed  type.  It  thus  appears  that  by  a 
study  of  the  mode  of  growth  of  the  Protozoa,  as  in  the  rest  of  the 
animal  world,  we  can  alone  obtain  correct  ideas  as  to  the  afl^ities 
of  the  respective  groups. 

The  Noctiluca  (Fig.  22)  is  a  highly  phosphorescent  organism, 
so  small  as  scarcely  to  be  seen  with  the  naked  eye,  being  from  '01 
Fig.  22.  to  '04   inch   in  diameter.     It  occurs  in   great 

numbers  on  the  surface  of  the  sea.     It  has  a 
nearly  spherical  jelly-like  body,  with  a  groove 
on  one  side  from  which  issues  a  cm-ved  filament, 
used  in  locomotion.     Near  the  base  of  this  fila- 
ment is  the  mouth,  having  on  one  side  a  tooth- 
like projection.     Connecting  with  the  mouth  is 
an  oesophagus  which  passes  into  the  digestive 
S  cavity,  in  front  of  which  lies  an  oval  nucleus. 
Beneath  the  outer  skin  or  firm  membrane  sur- 
Noctiiuca  miuaiis.    rounding  the  body  is  a  gelatinous  layer,  con- 
taining' numerous  granules.     A  network  of  granular  fibres  arises 
from  the  granular  layer ;  these  fibres  pass  into  the  middle  of  the 
body  to  the  nucleus  and  digestive  cavity. 

Developmeivt.    Baddely  had  noticed  a  multiplication  by  division 
and  reproduction  by  internal  buds,  and  Busch  had        Fig.  23. 
observed  round,  transparent  disks,  of  the  same  size, 
consistence  and  optical  properties  as  the  Noctilucae 
occurring   among   them,  but   could   not   determine 
what  relations  they  bore  to  the  former.    It  was,  how- 
ever, reserved  for  Cienkowski  to  trace  the  develop- 
ment of  monad-like  zoospores  ^in  these  reproductive 
bodies.     Fig.  23  represents  these  zoospores.     They 
move  about  by  a  long  flagellum.     The  tooth-like 
process  (s)  is  thought  by  Cienkowski  to  be  a  rudi-     zoospores  of 
mentary  condition  of  the  '*  whip  "  near  the  mouth  of      Noctuuca. 
the  adult  Noctiluca.     By  keeping  specimens  in  a  drop  of  water  on 
a  thin  glass  which  was  placed  over  a  moist  chamber  so  as  to  ex- 
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clade  all  access  of  dry  air  to  the  water  in  which  the  ammals  were 
living,  he  was  enabled  to  observe  them  for  twelve  hours.  The 
stages  he  observed  were — 

"  Ist.  Noctiluca-like  bodies,  but  without  mouth  or  lash,  and 
having  a  doubly  spherical  or  so-called  biscuit  form,  each  partial 
sphere  having  a  granular  protoplasmic  mass  with  fine  branching 
rays,  the  two  masses  being  connected  more  or  less.  2d.  The  pro- 
toplasm connects  so  as  to  form  a  disk  on  one  pole  of  the  in*egular 
double  spheroid,  which  gradually  becomes  spherical,  exhibiting 
three  or  four  depressions  at  one  pole.  3d.  The  formation  of  the 
disk  is  preceded  by  a  segmentation  of  the  entire  mass  of  the  pro- 
toplasm of  the  Noctiluca  into  two,  four,  eight,  sixteen,  etc.  parts, 
after  which  the  disk  begins  to  grow  up  on  the  surface  of  the  Noc- 
tiluca. 4th.  The  protoplasmic  disk  sends  out  stumpy  processes 
which  project  from  the  surface  of  the  spheroid  and  exhibit  pecu- 
liar wriggling  movements.  5th.  The  mass  commences  to  divide 
into  smaller  pieces,  the  vesicle  being  now  quite  spherical.  The 
commencement  of  this  division  was  not  directly  observed,  but  later 
stages,  in  which  clumps  of  protoplasmic  matter  were  seen  arranged 
at  first  in  groups  of  eight ;  these,  then,  were  followed  carefully 
through  their  division  into  groups  of  sixteen  irregular,  oblong 
particles.  These  products  of  division  appear  }ike  denser,  sharply- 
defined  masses  or  nuclei,  lying  in  a  less  dense  surrounding  gran- 
ular plasma.  6th.  The  next  stage  was  one  of  the  first  and  most 
commonly  observed,  in  which  the  protoplasmic  disk,  formed  as 
above  described,  has  become  entirely  split  up  into  small  oval  bod- 
ies, each  "016  millimetre  long.  The  aggregated  mass  of  these  oval 
spores  sometimes  appears  as  a  disk  at  one  pole  of  a  Noctiluca- 
like  vesicle,  or  as  a  girdle  passing  round  it.  7th.  By  high  powers 
each  oval  particle  is  seen  to  have  a  terminal  cilium,  and  whilst 
under  observation  many  were  seen  to  separate  from  the  disk  and 
swim  about  as  free  swaVm-spores  *'  (Fig.  23). 

Cienkowski  also  observed  the  fusion  of  two  Noctilucse.  "  The 
two  animals  place  themselves  with  the  two  so-called  'oral  aper- 
tures' close  to  one  another,  and  through  these  a  protoplasmic 
bridge  is  formed,  which  unites  the  nuclei  of  the  two  individuals. 
Later,  at  the  points  of  contact,  the  outlines  of  the  two  Noctiluca- 
vesicles  fuse,  and  thus  the  double-spheroid  or  biscuit-shaped  blad- 
ders are  formed.  By  further  fusion  the  pinching  in  of  the  vesicle 
disappears  from  one  side,  so  that  the  vesicle  becomes  more  nearly 
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spherical. .  Meanwhile  the  two  nuclei  become,  completely  fused 
into  one,  retaining,  however,  their  radiating  threads  and  network, 
as  in  normal  individuals.  The  cross-striped  Uashes'  and  the 
'  teeth '  of  the  two  fused  Noctilucae  also  disappear.  All  trace  of 
the  double  origin  of  these  '  copulated  Noctilucae  *  may  pass  away 
by  the  disappearance  of  the  fold  on  the  surface,  near  to  which  the 
nucleus  lies,  and  thus  a  Noctiluca  vesicle  is  formed,  which  is  al- 
ways larger  than  the  normal  Noctiluca,  and  seems  identical  with 
the  bodies  noticed  by  Busch,  and  also  very  probably  identical 
with  the  biscuit-shaped  and  spherical  Noctiluca  vesicles  in  which 
Cienkowski  has  traced  the  formation  of  the ,  swarm-spores.  A 
direct  observation  of  the  formation  of  swarm-spores  in  the  copu- 
lated forms  Cienkowski  was  not  able  to  obtain." 

This  fusion  of  two  Noctiluca?  is  not,  however,  essential  for  the 
production  of  zoospores,  as  they  appear  whether  conjugation  has 
occurred  or  not.  Whiin  it  does  occur,  however,  it  seems  to  be  of 
a  sexual  nature.  Conjugation,  though  by  no  means  necessary, 
does  frequently  take  place,  and  "as  in  the  fusion  of  the  zoospores 
of  Myxomycetfle,  and  the  copulation  of  Actinophrys,  and  others, 
leads  to  an  augmentation  of  the  mass  of  the  protoplasm."  "  Zo- 
ospores," he  adds,  "occur  in  quite  small  NoctilucaB,  which  cer- 
tainly could  not  be  the  product  of  the  fusion  of  two  individuals. 
Sometimes  the  zoospores  develop  very  rapidly  whilst  still  in  the 
disk,  and  their  protoplasm  becomes  differentiated  into  a  nucleus 
jind  radiating  threads."  Cienkowski  considers  that  the  zoospores 
of  Noctiluca  decide  the  systematic  position  which  must  be  as- 
signed to  this  organism.  It  seems  to  him  that  they  are  animals 
of  large  dimensions  belonging  to  the  division  of  the  Flagellata. 

A  single  mode  of  growth,  therefore,  occurs  in  Noctiluca,  i.e. 
development  from  zoospores. 
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THE  WHEELER  GEOLOGICAL  SURVEY  OF  NEW 
MEXICO  FOR  1874. 

BT   B.   D.   COPE. 


The  Engineer  Topographical  and  Geological  Survey  west  of 
the  100th  meridian,  under  Lieut.  Geo.  M.  Wheeler,  left  Pueblo 
during  the  month  of  July  for  the  prosecution  of  their  labors  in 
New  Mexico.  It  was  divided  into  eight  parties,  of  which  six  were 
primarily  topographical  and  two  devoted  to  geological  and  biolog- 
ical investigation. 

Of  the  former  one  only,  that  under  charge  of  Lieut.  Blunt,  oper^ 
ated  east  of  the  Rocky  Mountains,  while  the  remaining  five  8ur<r 
veyed  ftrom  the  Colorado  line,  or  near  it,  southward  as  far  as  the 
Bio  El  Rito  and  Canon  Apache,  in  the  following  order :  at  the 
north  Lieut.  Marshall ;  then  Wheeler,  Whipple,  Bimie,  and  last, 
Lieut.  Price.  The  last  named  ofilcer  having  been  incapacitated 
by  sickness  was  succeeded  in  charge  by  Mr.  Klett.  The  two 
remaining  parties  were  assigned  extensive  territorial  areas,  as  the 
nature  Qf  their  work  required  ?ridely  extended  reconnoissances,  as 
well  as  studies  in  special  localities,  the  position  of  which  could 
not  be  fbreseen.  Dr.  Rothrock  was  in  charge  of  a  party  which 
explored  the  botany  and  zoology  of  southern  Arizona  and  New 
Mexico,  and  Dr.  Yarrow  and  Prof.  Cope  investigated  the  geology 
and  paleontology  of  the  northern  portion  of  the  latter  territory. 

We  propose  to  speak  of  the  work  of  the  last  named  party  at 
present,  as  several  of  the  others  have  not  yet  come  in  from  the 
field.  Dr.  Yarrow  having  left  for  Washington  about  the  middle 
of  September,  according  to  previous  arrangement,  the  direction 
devolved  on  the  writer.  The  results  obtained  have  been  highly 
interesting  and  important  to  geological  science.  An  analysis  of 
the  stmcture  of  the  region  traversed  between  Pueblo  and  Santa 
Fi  was  accompanied  by  successflil  collecting  of  fossil  remains  in 
many  of  the  strata.  Thus  the  Cretaceous  beds  near  the  Huer- 
fkno  yielded  many  fine  fossil  shells  and  teeth  of  extinct  fishes, 
and  the  carboniferous  limestone  of  the  Sangre  del  Christo  pass  was 
found  to  be  equally  rich.  A  unique  collection  of  a  large  number 
of  most  beautifully  preserved  invertebrate  remains  was  procured 
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from  the  same  formatioD  near  Taos.  Below  the  Picoris  Moun- 
tains the  sand  beds  and  bluffs  of  the  Pliocene  formation  fill  the 
valley  of  the  Rio  Grande.  These  are  the  deposits  of  a  lake  of 
comparatively  modem  age,  and  in  some  localities  they  abound  in 
remains  of  the  skeletons  of  the  animals  that  inhabited  the  sur- 
rounding continent  at  that  time.  Mastodons  of  species  quite  dif- 
ferent from  that  so  frequently  found  in  the  Eastern  states  were 
found  to  be  abundant,  while  camels  and  horses  had  evidently  ex- 
isted in  droves.  One  of  the  most  singular  discoveries  was  that  of 
deer  which  did  not  shed  their  horns,  as  do  modem  species  of  that 
type.  There  is  abundant  i^eason  to  believe  that  they  were  fre- 
quently broken  off  in  combats,  so  that  while  some  individuals  of 
a  species  had  solid  homs  like  the  giraffe,  others  of  the  same  spe- 
cies had  them  united  by  a  suture  with  a  burr  like  the  deer.  To 
keep  the  herbivorous  animals  in  check,  there  were  several  species 
of  wild  dogs,  while  a  large  vulture  allied  to  the  turkey  buzzard 
was  prepared  to  eat  them  when  life  had  departed,  as  the  fossil  re- 
mains demonstrate. 

After  concluding  the  investigation  of  this  basin,  the  geologist 
was  enabled  through  the  courtesy  of  Gen.  Grefeg  commanding  the 
district  of  New  Mexico,  to  make  an  exploration  of  the  geology  of 
the  region  at  the  northern  end  of  the  Zandia  Mountains,  forty 
miles  south  of  Santa  F6.  Here  numerous  fossil  remains  were 
found,  including  those  of  the  hairy  elephant,  Elephaa  primigenius 
(var.  Columbi).  The  party,  after  examining  the  geology  of  the 
Eastern  Jemez  mountains,  passed  north  to  Abiquiu  on  the  Rio 
Chama  and  through  the  canon  Canjelon  to  Tierra  Amarilla. 

The  writer  had  been  led  to  suspect  the  existence  of  a  tertiary 
lake  basin  on  the  divide  of  the  drainage  of  tl^e  Chama  and  San 
Juan  rivers,  and  had  already  published  his  belief  that  the  rich  life 
of  the  Eocene  period  of  Wyoming  had  been  preceded  by  older 
forms,  which  had  lived  upon  older  territory  in  the  southern  regions 
of  the  great  basin.  This  position  was  fully  confirmed  by  my  dis- 
covery in  the  region  in  question  of  an  enormous  mass  of  lacus- 
trine deposits  of  some  8000  feet  in  thickness,  which  cover  an  area 
of  at  least  3000  square  miles  (probably  more)  which  includes 
remains  of  the  oldest  mammalian  fauna  of  the  continent,  and  which 
corresponds  with  the  lowest  of  the  fossil  bearing  beds  of  Wyom- 
ing. About  100  species  of  vertebrate  animals  were  obtained,  of 
which  two-thirds  are  mammalia,  and  a  large  percentage  new  to 
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sdence.  The  crocodiles  were  very  numerous  arid  turtles  swarmed. 
The  mammalia  did  not  embrace  many  of  the  modem  classes,  but 
exhibit,  according  to  the  preliminary  reports  published  by  direc- 
tion of  Lieut.  Wheeler,  characters  of  orders  of  which  little  has  been 
known.  The  largest  species  were  those  of  the  genus  Bathmodon, 
of  which  five  species  were  discovered,  which  range  from  the  size 
of  the  Indian  rhinoceros  to  that  of  the  tapir.  They  resembled 
closely  the  elephants  in  the  structure  of  the  feet  and  legs,  but  the 
tapir  and  the  bear  in  the  characters  of  the  skull.  They  were 
armed  with  most  formidable  tusks,  and  their  crania  were  solid  and 
well  thickened  to  repel  attack.  Besides  these  there  were  numer- 
ous species  more  nearly  resembling  the  tapirs,  and  in  some  remote 
degree  the  horses,  of  a  more  harmless  type,  while  a  numerous 
population  of  camivora  restricted  the  increase  of  the  rest.  Six- 
teen species  of  flesh-eating  forms  were  found,  some  of  them  mi- 
nute, and  others  of  powerful  make,  but  all  far  removed  fVom  the 
existing  types,  and  more  or  less  related  in  structure  to  other  kinds 
of  quadrupeds,  especially  to  those  of  insectivorous  habits.  Some 
of  them  possessed  teeth  of  extraordinary  strength,  and  were  ap- 
parently bone  breakers,  while  the  excessively  worn  condition  of 
the  teeth  and  tusks  of  some  others  indicate  hard  diet  and  friction 
against  resisting  bodies.  An  order  of  very  peculiarly  constructed 
animals  was  represented  by  several  species.  These  had  much  the 
structure  of  the  gnawing  order  (Bodentia)  in  their  dentition, 
which,  however,  includes  many  peculiarities,  but  resembled  some 
of  the  hoofed  animals  in  their  feet.  The  only  known  example  of 
this  order  (the  Toxodontia)  had  been  previously  obtained  from 
the  late  tertiary  deposits  of  South  America* 

The  boundaries  of  this  lake  basin  were  pretty  well  determined, 
and  attention  directed  to  the  structure  of  the  hill  and  mountain 
regions  which  constituted  its  shores.  Among  these  were  found 
marine  and  fresh  water  formations,  containing  abundant  fossil 
remains,  with  beds  of  lignite  of  fifty  feet  or  more  in  thickness. 
One  of  the  lake  deposits  contains  an  abundance  of  petrified  wood, 
while  a  lower  formation  was  found  to  contain  the  teeth  and  bones 
of  saurians  of  large  proportions,  and  apparently  of  greater  anti- 
quity than  those  heretofore  obtained  in  the  West. 

The  brilliant  colors  of  some  of  the  strata  observed  are  very  re- 
markable, and  the  scenery  is  rendered  highly  picturesque  by  the 
escarpments  of  obliquely  elevated  strata,  which  traverse  the  coun- 
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try  for  sixty  miletf  and  more,  parallel  to  the  mountain  axis.  Most 
curious  are  the  remains  of  human  dwellings  which  stand  in  lines  on 
the  summits  of  these  rock  crests,  and  almost  all  the  more  inaccessi- 
ble and  remote  points  of  the  hills.  They  were  often  found  standing 
on  the  summits  of  ledges  of  fh)m  five  to  twelve  feet  in  width,  with 
precipices  of  several  hundred  feet  in  depth  on  one  or  both  sides ; 
or  occupying  ledges  on  the  sides  of  precipices  forming  the  walls 
of  canons,  in  positions  only  accessible  by  perilous  climbing. 
These  localities  are  often  rempte  from  water,  in  some  cases  more 
than  twenty  miles. 

The  party  collected  and  brought  within  reach  of  transportation 
about  a  ton  of  fossil  remains.  They  crossed  directly  from  the 
Bio  Puerco  to  Conejos  over  the  San  Juan  Mountains  by  a  pass 
some  twenty  miles  in  length,  where  they  were  overtaken  by  a 
severe  snowstorm. .  They  returned  to  Pueblo  on  the  11th  of  No- 
vember. 


BEVIEW8  Aim  BOOK  NOTICES. 

Embrtoloqt  of  the  Ctenophobjs.1  —  The  development  of 
certain  jelly  fishes  (Ctenophorse)  belonging  to  the  genera  Idyia 
and  Pleurobrachia  has  been  elaborated  in  this  memoir  with  great 
care  and  beauty  of  illustration  by  Mr.  A.  Agassiz.  fie  gives  a 
connected  account  of  their  history  fh>m  the  earliest  stages  in  the 
egg  until  all  the  features  of  the  adult  appear.  While  the  mode  of 
segmentation  of  the  yolk  is  extraordinary,  the  embryo  attains  the 
adult  form  without  any  metamorphosis,  the  changes  being  very 
gradual.  Mr.  Agassiz's  observations,  with  the  preceding  ones  of 
Miiller,  G^genbaur,  Kowalevsky  and  Fol,  give  us  a  tolerably  com- 
plete view  of  the  mode  of  development  of  this  order  of  jelly 
fishes.  These  Ctenophorie  on  our  coast  spawn  late  in  the  summer 
jSLud  fall.  The  young  brood  developed  in  the  autumn  comes  to  the 
surface  the  following  spring  nearly  fhll-grown,  to  lay  their  eggrs 
late  in  the  summer.  The  autumn  brood  most  probably  passes  the 
whole  winter  in  deep  water,  and  it  must  take  six  to  eight  months 
for  the  young  to  attain  their  maturity.    The  memoir  closes  with 

>  Embryology  of  the  Ctenophora.  By  Alexander  Ag&sslz,  with  5  plates  and  fifir^irea 
printed  in  the  text.  From  the  Uemoirs  of  the  Amer.  Acad.  Arts  and  Sciences,  z,  An^, 
1874.    4to,pp.41. 
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a  Tigorons  and  trenchant  criticism  of  Haeckers  Gastmla  the- 
ory, exposing  its  weak  points.  Mr.  Agassiz  regards  the  assump- 
tions of  Haeckel  forming  the  basis  of  his  Gastmla  theory  as 
"wholly  unsupported."  It  must  "take  its  place  by  the  side  of 
other  physio-philosophical  systems,"  and  he  denies  that  we  have 
been  "  able  to  trace  a  mechanical  cause  for  the  genetic  connection 
of  the  Tarious  branches  of  the  animal  kingdom." 

Ehtomologt  in  Illinois.* — We  have  noticed  previously  the  im- 
portant entomological  reports  made  by  Mr.  Biley  to  the  state  of 
Missouri ;  we  now  have  before  us  a  Report  of  about  two  hundred 
pages  by  the  state  entomologist  of  Illinois.  It  is  fully  illustrated 
by  admirable  drawings  mostly  ftom  the  pencil  of  Mr.  Biley,  and 
is  well  printed.  Instead  of  treating  directly  of  injurious  insects,  it 
is  a  treatise  on  the  beetles  of  the  United  States,  and  as  such  will 
serve  to  prepare  the  way  for  future  reports  on  economic  ento- 
mology. The  work  is  excellent  as  an  introduction  to  a  study  of 
the  beetles,  which  comprises  some  of  the  most  injurious  species, 
and  we  bespeak  for  it  a  large  circulation  outside  of  the  state.  We 
could  find  some  fault  with  the  general  classification  of  the  insects, 
but  the  aim  of  the  work  and  successful  treatment  of  the  subject 
preclude  such  criticism.  The  transformations  of  a  number  of 
new  beetles  are  described  and  figured. 

PoLABizATioN  OF  LiOHT.^ — This  is  auothcr  of  the  elegant  and 
popular  treatises  reprinted  with  additions  and  new  plates  from 
"  Nature."  They  contain  the  substance  of  lectures  delivered  at 
various  times  to  workpeople,  and  "  constitute  a  talk  rather  than  a 
treatise  on  polarized  light,"  says  the  author. 

BOTANY. 

Do  Varietiks  wear  out  or  tend  to  wear  out? — In  an  inter;- 
esting  article  on  this  subject  in  the  New  York  "Tribune,"  Prof. 
Gray  discusses  this  question,  and  concludes  that  "  sexually  propa- 
gated varieties,  or  races,  although  liable  to  disappear  through 
change,  need  not  be  expected  to  wear  out,  and  there  is  no  proof 
that  they  do ;  also,  that  non-sexually  propagated  varieties,  though 

>  Poarth  Annaal  Report  on  the  Noxious  and  Beneficial  Insects  of  the  State  of  Illi- 
nois.   By  WUliam  LeBaron,  M.D.    Springfield,  1874.    8to,  pp.  199. 

*  Polarization  of  Light.  By  William  Spottiswoode,  LL.  D.,  F.  R.  S.  Nature  Series. 
London.    Macmillan  A  Co.    1874.    ISmo,  pp.  ISO,  with  plates  and  outs.   Price  $1.00. 
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not  liable  to  change,  may  theoretically  be  expected  to  wear  out, 
but  to  be  a  very  long  time  about  it." 

Cypripedium  spectabile. — Last  spring  I  found  on  East  Mcmn- 
tain,  Williamstown,  two  flowers  of  the  Cypripedium  spectabile 
Swartz,  growing  from  the  same  stalk,  one  of  which  was  the  reg- 
ular color,  nearly  all  purple,  and  the  other  was  pure  white. — J.  S. 

KiNGSLEY. 

ZOOLOGY. 

Note  on  Sterna  longipennis  Nordmann.  —  Iu  the  Naturalist 
for  July,  1874  (p.  483),  a  tern,  "new  to  the  Atlantic  coast  of 
North  America,"  was  described  by  me  under-  the  name  of  Sterna 
Portlandica — in  event  it  should  prove  distinct  from  S.  longipennis 
Nordm.,  with  which  Dr.  Coues  identified  Mr.  Lawrence's  S.  Pikei 
(see  Key,  p.  320).  At  that  time  no  specimen  of  Nordmann'a 
species  existed,  so  far  as  known,  in  the  United  states,  so  that  a 
satisfactory  comparison  could  not  be  made,  while  the  new  bird  did 
not  -agree  well  with  the  description  of  S,  Pikei  in  the  ninth  volume 
of  the  Pacific  Railroad  Reports  (p.  863).  In  order  to  settle  the 
question  of  the  relationship  of  S.  Portlandica^  Dr.  Otto  Finsch, 
Curator  of  the  Bremen  Museum  in  Germany,  kindly  forwarded  to 
the  Smithsonian  Institution  the  only  specimen  of  S.  longipennis^ 
a  fine  example,  in  perfect  plumage,  procured  at  the  sea  of  Baikal, 
Siberia,  June  3,  1870.  Having  thus  an  opportunity  of  actual 
comparison  of  specimens,  the  results  are  herewith  given  : 

Sterna  longipennis  Nordmann  is  very  closely  related  to  S. 
hirundoj  from  which  it  scarcely  differs  more  than  as  a  geographi- 
cal race,  and  is  very  distinct  from  both  S.  Pikei  and  S.  Port- 
landica. The  degree  of  relationship  between  the  four  forms  is 
shown  below : 

A. — Beneath  ashy  white;  nape  pale  pearl-gray;  forehead  black  in  sum- 
mer; feet  red.    Tarsus  '70  or  more;  colmen  1*40  or  more. 

Bill  red,  the  terminal  third  black.  Wing,  10  85;  tail,  6-50; 
depth  of  fork,  3  10;  culraen,  1-50;  depth  of  bill,  -80; 
tarsus,  -80;  middle  toe,  -68. 

S.   HIKUNDO. 

Bill  black,  the  upper  maudible  beneath  the  nostril  and  the 
basal  two-tbirds  of  the  lower  iDcliulng  to  reddish. 
Wing.  10-85;  tail,  6-30;  depth  of  fork,  2-65:  culmen, 
1-60;  depth  of  bill  -80;  tarsus,  76;  middle  toe,  '68. 

S.   LONGIPENNIS. 
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B. — Beneath  snowy-white;  nape  pure  white;  forehead  wholly  white  in 
summer;  feet  black  or  red;  tarsus  -60  or  less;  culmen,  1-26  or 
less. 

Bill  deep  black;  feet  deep  black.  Wing,  9-60;  tall,  6-00; 
depth  of  fork,  2-60;  culmen,  1-16;  depth  of  bill,  .-26; 
tarsus,  *55 ;  middle  toe,  *60. 

S.  PORTLANDICA. 

Bin  dusky  reddish;  feet  reddish.  Wing,  900;  tall,  5*50; 
culmen,  1*12;  tarsus,  *50. 

S.  PiKEI. 

S.  longipennia  agrees  very  closely  with  both  JS.  htrundo  and  S. 
macraura  in  the  main  points  of  coloration,  havipg  the  same  de- 
cided grayish  tinge  to  the  lower  parts  and  nape,  and  the  forehead 
black.  The  specimen  compared,  however,  differs  from  both  these 
species  in  having  the  white  terminal  borders  to  the  longer  scapu- 
lars, tertials  and  inner  primaries  much  less  distinct;  the  outer 
surface  of  the  primaries  is  more  silvery,  and  the  black  of  the  nape 
appears  to  extend  farther  down,  terminating  at  about  3*00  from 
the  base  of  the  culmen  instead  of  at  less  than  2-50.  Whether 
this  last  feature  depends  upon  the  "make"  of  the  skin  is  uncer- 
tain.— Robert  Ridgwat. 

GEOLOGY  Aim   PAI.BONTOLOGY. 

New  FORMS  of  Elasmosauridjs. — Professor  H.  G.  Seeley  has 
recently  examined  the  structure  of  the  reptiles  found  in  the  Eng- 
lish formations  referred  by  authors  to  the  old  genus  Plesiosaurus. 
He  finds  that  the  modifications  in  the  structure  of  the  scapular 
arch  are  such  as  to  require  their  reference  to  two  families,  the 
Flesiosauridse  and  Elasmosauridse.  The  former  embraces  only  the 
genus  Plesiosaurus ;  the  latter  includes  Elasmosaurus  and  three 
new  genera,  namely,  Eretmosaurus,  Colymbosaurus  and  Muraeno- 
saurus.  The  characters  distinguishing  these  genera  are  princi- 
pally discoverable  in  the  scapular  arch. — E.  D.  C. 

American  Types  in  the  Cretaceous  of  New  Zealand. — Mr. 
Hector,  the  paleontologist  of  New  Zealand,  has  obtained  and  de- 
cribed  the  remains  of  numerous  extinct  reptiles  which  present  va- 
rious points  of  resemblance  to  those  disclosed  by  explorations  in 
Kansas,  and  described  in  Dr.  Hayden's  annual  reports.  Thus  he 
finds  a  species  of  Polycotylus  and  a  form  which  he  states  to  be 
allied  to  Elasmosaurus,  called  Tanivasaurus.    He  adds  a  number 
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of  species  of  Pythonomorpha,  among  which  are  a  Liodon,  with  a 
conic  muzzle,  and  a  new  genus  allied  to  Clidastes.  Other  species 
'--red  to  the  true  Plesiosaurus. — E.  D.  C. 

w  Mastodon. — ^The  Mastodon  of  the  Santa  F6  marls  turns 
e  distinct  ft*om  the  3f.  Chapmanii  of  the  East,  and  the  3f. 
ii  of  California,  and  is  allied  to  the  M.  longirostris  of  Eu- 
X  has  been  named  N,  productus  Cope.  The  presence  of 
^ra  of  Mammalia  characteristic  of  the  Pliocene  formations 
aska  and  Colorado  refers  these  beds  to  the  same  horizon, 
t  on  the  paleontology  of  the  formation  is  just  issued  by  the 
^  Engineers,  Washington. — E.  D.  C. 

AKTHBOPOLOGY. 

ATION  AMONG  NORTH  AMERICAN   INDIANS.^ The   ObjCCt  Of 

ent  note  is  merely  to  record  the  fact,  that  among  the  many 
i  methods  of  paying  tlie  last  tribute  of  respect  to  deceased 
s  of  the  tribe,  which  are  now  practised  by  the  native  races 
h  America,  cremation  is  not  entirely  omitted, 
icember,  1850,  while  enjoying  the  hospitality  of  the  detach- 
'  the  2nd  U.  S.  Infantry,  which  at  that  time  established 
ima,  the  military  post  at  the  junction  of  the  Colorado  and 
vers  in  California,  I  availed  myself  of  the  kind  offer  of 
dan,  one  of  the  owners  of  the  ferry  near  the  post,  to  make 
Q  an  exploration  of  the  river  below  the  junction, 
ng  in  a  small  flat  boat,  which  he  generously  sacrificed  for 
)08e,  with  a  Yuma  Indian,  who  had  a  feeble  knowledge  of 
,  as  guide  and  interpreter,  we  floated  down  with  the  cur- 
the  river,  making,  by  the  aid  of  a  solar  compass,  a  rough 
On  the  afternoon  of  the  third  day  we  arrived  at  the 
illage  of  the  Cocopa  Indians,  who  are  the  next  tribe  south 
fumas.  Below  that  village  we  were  told  that  the  spring 
[dely  overflowed  the  banks  of  the  river,  and  that  if  we 
rther,  the  softness  of  the  mud  might  seriously  hinder  our 

next  day  I  learned  from  the  guide  that  an  old  man  had 
a  village  near  the  east  bank  of  the  river,  and  that  the 
IS  to  be  burned. 

^  Read  at  the  Hartford  Meeting  Amer.  Assoc.  AdT.  Sol. 
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Never  having  heard  before  that  this  oustom  existed  in  North 
America,  we  eagerly  availed  ourselves  of  the  opportunity  of  seeing 
the  interesting  ceremony.  Crossing  the  stream  in  our  flat  boat, 
we  arrived,  after  a  walk  of  a  couple  of  miles  over  the  river  bottom 
and  adjoining  desert,  at  the  late  residence  of  the  deceased. 

A  short  distance  from  the  collection  of  thatched  huts  which 
composed  the  village,  a  shallow  trench  had  been  dug  in  the  desert, 
in  which  were  laid  logs  of  the  mesquite  (Prosopis,  and  Strombo- 
carpus),  hard  and  dense  wood,  which  makes,  as  all  western  cam- 
paigners know,  a  very  hot  fire,  with  little  flame,  or  smoke.  After 
a  short  time  the  body  was  brought  flrom  the  village,  surrounded  by 
the  family  and  other  inhabitants,  and  laid  on  the  logs  in  the  trench. 
The  relatives,  as  is  usual  with  Indians,  had  their  faces  disfigured 
with  black  paint,  and  the  females  as  is  the  custom  with  other  sav- 
ages made  very  loud  exclamations  of  grief,  mingled  with  what 
might  be  supposed  to  be  funeral  songs.  Some  smaller  faggots 
were  then  placed  on  top,  a  few  of  the  personal  effects  of  the  dead 
man  added,  and  fire  applied.  After  a  time,  a  dense  mass  of  dark 
oolored  smoke  arose,  and  the  burning  of  the  body,  which  was  much 
emaciated,  proceeded  rapidly.  I  began  to  be  rather  tired  of  the 
spectacle,  and  was  about  to  go  away,  when  one  of  the  Indians,  in 
a  few  words  of  Spanish,  told  me  to  remain,  that  there  was  yet 
something  to  be  seen. 

An  old  man  then  advanced  flrom  the  assemblage,  with  a  long 
pointed  stick  in  his  hand.  Going  near  to  the  burning  body  he 
^removed  the  eyes  holding  them  successively  on  the  point  of  the 
stick,  in  the  direction  of  the  sun,  with  his  face  turned  towards 
that  luminary,  repeating  at  the  same  time  some  words,  which  I 
understood  flrom  our  guide  was  a  prayer  for  the  happiness  of  the 
soul  of  the  deceased.  After  this  more  faggots  were  heaped  on 
the  fire  which  was  kept  up  for  perhaps  three  or  four  hours  longer. 
I  did  not  remain,  as  there  was  nothing  more  of  interest,  but  I 
learned  on  inquiry,  that  after  the  fire  was  burnt  out,  it  was  the 
custom  to  collect  the  fhigments  of  bone  which  remained,  and  put 
them  in  a  terra  cotta  vase,  which  was  kept  under  the  care  of  the 
family. 

The  ceremony  of  taking  out  the  eyes,  and  offering  them  to  the 
Sun,  seems  to  indicate  a  feeble  remnant  of  the  widely  diffused 
Sun  worship  of  former  times,  but  when  introduced,  or  whence  de- 
rived, I  could  not  learn.    The  subject  appears  to  me  an  important 
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one,  and  to  deserve  attention  from  those  who  are  so  situated  as  to 
procure  further  information. 

None  of  the  Cocopas  i^hom  I  met  had  sufficient  knowledge  of 
Spanish  to  enable  me  to  communicate  easily  with  them,  so  that  I 
learned  little  of  their  history  or  habits,  during  the  two  days  that  I 
remained  among  them.  I  however  wrote  down  their  numerals  and 
a  few  other  words,  which  were  sufficient  to  confirm  the  information 
I  afterwards  obtained. 

On  a  subsequent  journey  along  the  Gila  to  Tucson  and  other 
towns,  then  belonging  to  the  Mexican  state  of  Sonora,  I  passed 
through  the  villages  of  the  Coco-maricopas  who,  as  is  well  known 
to  all  of  my  hearers,  live  in  a  semi-civilized  condition,  in  close 
bonds  of  union  with  the  Pimos,  on  the  banks  of  the  Gila. 

I  was  led  by  the  similarity  of  language,  as  well  as  by  the  re- 
semblance in  name,  to  suspect  that  this  tribe  was  related  to  the 
Cocopas  of  the  lower  Colorado.  On  enquiring,  I  was  told  by  one 
of  the  chiefs,  Francisco  Duk,  that  they  still  preserved  a  tradition 
of  the  former  connection  of  the  two  tribes.  Many  years  iCgo,  in 
search  of  more  extensive  lands,  the  Cocopas  had  separated  from 
them,  and  gone  westward,  settling  on  the  banks  of  the  Colorado, 
below  the  confluence  of  the  Gila.  Visits  were  occasionally  made 
to  their  villages  by  their  kinsmen  from  the  Colorado,  and  in  fact, 
I  had  met  on  my  journey  a  small  party  of  Cocopas  returning  from 
the  Maricopa  villages. 

The  Maricopas  are  now  completely  identified  in  interests  and 
habits  with  the  Pimos,  and  if  they  practised  cremation  when  they 
first  entered  the  Gila  valley,  the  usage  has  long  since  become  ob- 
solete. 

Commercial  intercourse  between  the  Indians  of  these  interior 
valleys  and  thbse  of  the  Califomian  Gulf  must  have  also  taken 
place  centuries  ago,  when  a  higher  form  of  semi-civilization  existed 
along  the  Gila.  For  not  many  days  afterwards  while  examining 
the  famous  Casas  Grandes  or  Casas  Blancas,  as  they  are  more 
usually  called,  I  found  shells  of  the  genera  Oliva  and  Conus,  which 
had  been  brought  from  the  Gulf.  Sma.ll  ornaments  of  turquoise, 
similar  to  the  variety  found  near  Santa  F6,  New  Mexico,  occasion- 
ally occur  and  are  greatly  prized  by  the  Indians. 


Digitized  by  VjOOQIC 


MICBOSCOPY. 

Angular  Aperture. — The  discussion  upon  this  question  which 
was  tedious  a  year  or  two  ago  has  become  interesting  now,  and  the 
utilization  of  the  extra-limital  rays  (in  immersion  objectives  as 
compared  with  dr}'  ones)  which  was  first  published  as  a  definite 
theory  by  Dr.  Woodward,  in  the  "Monthly  Mic.  Joum.,**  and  edi- 
torially in  the  Naturalist,  in  an  article  which  was  written  inde- 
pendently, and  was  in  type  at  the  same  time,  seems  likely  to  prove 
to  be  one  of  the  few  great  steps  of  progress  in  the  development 
of  the  microscope.  Before  that  time  Mr.  Wenham,  and  some 
others,  had  strenuously  insisted  upon  teaching  the  reduction  of  the 
(nearly)  180®  dry  angle  to  about  82**  immersion  angle,  and  in  so 
doing  had  been  led,  apparently  unconscious  of  saying  materially 
more  than  that,  into  a  denial  of  the  possibility  of  constructing  an 
objective  capable  of  using  a  larger  angle  than  that ;  and  Mr.  Tolles, 
and  no  others,  had  as  firmly  insisted  on  his  ability  to  enlarge  the 
angle  without  any* definite  or  assignable  limit :  the  one  party  had 
argued  a  natural  limit  and  nothing  further,  and  the  other  party 
had  denied  a  limit  and  appealed  to  his  work  for  proof,  but  neither 
party  was  understood  to  have  established  the  doctrine  of  the  util- 
ization of  the  extra-limital  rays  by  admitting  the  limit,  and  at  the 
same  time  showing  how  that  limit  may  be  passed  without  conflict- 
ing with  well  established  theory.  When  this  explanation  was  pub- 
lished it  seemed  so  reasonable  and  so  consistent  with  the  asser- 
tions of  both  parties,  that  it  was  supposed  both  would  say  that 
it  was  precisefy  what  they  meant  all  the  time.  Mr.  Tolles  promptly 
did  this,  but  Mr.  Wenham,  to  the  surprise  of  many  of  his  fHends, 
denied  and  still  denies  the  whole  doctrine,  and  what  is  more  strange 
is  satisfied  with  a  measurement  of  one  of  Mr.  Tolles'  glasses  as 
a  final  disproof  of  so  fundamental  and  important  a  theory.  The  ex- 
act angle  of  a  certain  ^  made  by  Mr.  Tolles,  and  whether  it  exceeds 
82*  or  not,  is  of  some  consequence  to  Mr.  Tolles  and  his  customers, 
but  is  of  little  importance  to  the  world  of  science,  compared  with 
the  theoretical  possibility  of  exceeding  that  limit ;  and  Mr.  Wen- 
ham i8,'perhaps,  one  of  the  last  persons  in  the  world  who  would  have 
been  expected  to  fall  into  any  doubt  or  confusion  at  this  point. 
At  the  same  time  as  Mr.  Tolles  was  the  first,  and  still  is  the  only 

(59) 
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one  known  to  claim  to  make  lenses  in  which  the  extra-limital  rays 
are  turned  to  good  account,  it  is  only  justice  to  him  to  mention 
his  name  in  connection  with  them,  just  as  Huyghens  and  Kellner 
are  credited  with  the  negative  and  orthoscopic  oculars,  and  Wenham 
with  the  binocular  prism  and  the  simple  front  objective.  The  ex- 
act comparative  efficiency  of  the  extra-limital  immersions  is  yet 
undetermined,  though  they  would  be  expected  to  have  certain 
strong  working  points ;  a  theory  that  seems  fully  justified,  even 


after  making  all  possible  allowance  for  the  enthusiasm  of  those 
possessing  and  using  a  novelty,  by  the  trials  already  made  of 
some  of  the  lenses. 

Of  all  the  contributions  to  this  subject  none  probably  excel  in 
interest  and  importance  the  mathematical  computation  of  the  course 
of  the  light  through  the  -^  inch  objective  at  the  Army  Medical 
Museum,  by  Prof.  R.  Keith,  of  Georgetown,  a  synopsis  of  which  was 
published  in  the  September  Number  of  the  "  Monthly  Microscopical 
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Joarnal,"  and  for  the  full  details  of  which  we  are  indebted  to  the 
courtesy  of  Prof.  Keith.  Nor  is  the  interest  of  this  elaborate 
maUiematical  analysis  appreciably  lessened  by  Mr.  Wenham's 
doubt,  as  to  the  reliability  of  the  data  Airnished  by  Mr.  ToUes 
as  a  basis  for  the  computation ;  since  if  the  data  do  not  accu- 
rately represent  the  construction  of  that  objective  they  at  least 
seem  to  represent  a  practicable  combination  of  lenses,  which 
might  be  made  into  an  objective,  and  that  is  what  we  want  to 
know,  and  what  the  long  discussion  has  derived  its  cat-like  life 
from.  The  objection  in  question  consists  of  seven  lenses ;  a  quad- 
mple  back  consisting  of  a  double-convex  of  crown  glass,  a  plano- 
concave of  flint,  a  plano-convex  of  crown  and  a  meniscus  of  flint, 
a  double  middle  formed  by  the  union  of  a  double-convex  of  crown 
and  a  double-concave  of  flint,  and  a  simple  hemispherical  fh>nt  of 
crown.  The  plan  of  grinding  the  lenses  as  thin  as  possible  is  dis- 
carded, as  in  much  recent  work,  and  some  of  the  lenses  are  quite 
tiiick  at  the  thinnest  point.  The  following  figures  represent  the 
data  of  oonstruotioji,  the  letters  a  to  ^  representing  the  seven  lenses 
in  regular  order,  beginning  with  the  upper  lens  of  the  back  com- 
bination (See  also  Fig.  24). 


a. 

b. 

C. 

d. 

e. 

f. 

g. 

Index  of  BeAraction. 

1-635 

ie20 

1-626 

1-020 

1-525 

1-654 

1-526 

Badias  of  Cmrature : 

First  flurfiioe. 

•266 

"•2 

00 

•2 

•1 

•18 

-088 

Second  inrtkce. 

•2 

00 

•2 

•6 

•18 

•6 

00 

Thickness  at  centre. 

•048 

•027 

•033 

•047 

•062 

•02 

•035 

Diameter. 

•2 

•2 

•2 

•2 

•165 

•165 

-086 

Distance  of  back  combination  fVom  middle  '008.  By  screw 
collar  adjustment  the  A*ont  is  set  at  a  distance  of  *00528  from  the 
next  surface.  The  light  is  assumed  to  start  from  a  point  ten 
inches  above  the  first  (back)  surface,  and  is  traced  through  the 
objective  to  a  focal  point  below.  The  table  on  p.  62  represents 
the  distance  ft:om  the  axis  at  which  the  extreme  ray  crosses  each 
surface,  and  the  angles  which  the  ray,  before  crossing,  makes  with 
the  axis.    The  negative  sign  indicates  convergence  of  light. 

This  gives  a  computed  angular  aperture  of  110°  85'  10",  which 
largely  exceeds  the  87®  obtained  by  measurement  by  Dr.  Wood- 
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ward ;  but  the  very  reasonable  allowance  of  "00162  for  the  set- 
ting of  the  front  lens,  reduces  the  computed  to  the  observed  angle. 
By  computation  the  spherical  aberration  is  almost  nothing,  which 
also  corresponds  with  Dr.  Woodward's  statement,  based  upon  the 
performances  of  the  lens  in  actual  use.  Though,  constructed  for 
immersion  use  only.  Dr.  Woodward  states  that  it  works  well  dry 
at  near  open  point. 


First  earflice. 

(WW250 

+  0- 

81'  45" 

Second 

u 

0-09139 

—    6 

61    51 

Third 

•• 

^0087tt 

—    4 

37    23 

Foarth 

•* 

008626 

—    4 

54    42 

Mfth 

" 

0-08318 

—    2 

57    80 

Sixth 

« 

0-07301 

—  11 

1      3 

Seventh 

u 

006625 

-24 

37     5 

Eighth 

(( 

0*05324 

-20 

8      0 

Ninth 

({ 

0-03300 

-29 

44      7 

Tenth 

a 

0-00000 

—  55 

17    85 

ToLLEs'  New  ^^th  vs.  Old  -g^TH.^ — I  am  indebted  to  my  friend 
Mr.  J.  Edwards  Smith,  of  Ashtabula,  O.,  for  the  loan  of  his  old 
Tolles'  iV^h,  the  first  lens,  so  far  as  I  know,  that  showed  A.  pellu* 
cida  in  dots,  and  also  his  new  ToUes'  ^th  objective.  Both 
glasses  failed  in  my  hands,  with  eye-pieces  as  high  as  Beck's  No. 
3,  to  do  as  well  as  my  ToUes'  3  system  ^^^1^  •  but  the  performance 
of  the  ^th  was  so  very  fine  for  a  glass  of  such  low  power,  that  I 
at  once  ordered  one  of  like  construction ;  thinking  that  such  a 
glass  could  be  relied  upon  in  the  study  of  objects  too  thickly  cov^ 
ered  to  permit  the  use  of  the  higher-power  objective. 

The  one  sold  me  by  Mr.  Stodder  is  marked  "  Tolles'  ^th  Im- 
mersion, Balsam  angle  88°."  Its  air  angle,  as  billed  by  Mr. 
Stodder,  is  180**.  It  works  well  through  the  covers  generally 
used  for  test  objects. 

I  was  greatly  surprised  at  the  exquisite  performance  of  this 
glass.  The  best  work  of  the  ^^th,  either  by  day  or  lamplight 
illumination,  was  at  once  excelled ;  the  advance  being  of  so  de- 
cided a  character  as  not  to  permit  of  doubt. 

A  certain  Lepisma  scale  that  I  had  carefully  studied  for  a  long 

iRead  before  the  Memphis,  Tenn.,  Microscopical  Society,  Dec.  8d. 
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time  with  the  ^^^h  and  other  glasses,  and  had  seen  under  many 
faTorable  conditions,  was  instantly  displayed  by  the  four-system 
xVth  clearer  and  better  in  every  respect  than  I  had  before  seen  it. 
With  this  superb  definition  it  appeared  in  ridges  and  corrugations, 
not  beads;  thus  confirming  the  conclusions  arrived  at  previ- 
ously. 

The  superiority  of  the  new  glass  is  also  evident  on  the  most 
difficult  natural  tests  kno^Q)  such  as  A.  pellucida^  N.  crassinervisy 
F.  aaaonica  and  Nitzschia  curvula^  the  transverse  striae  showing 
well,  by  lamplight,  on  all  of  them  whether  mounted  dry  or  in 
balsam.  The  longitudinal  lines  of  Suirella  gemma  are  strongly 
seen;  and  such  coarsely  marked  shells  as  P.  angulatum^  are 
splendidly  illustrated  with  central  light.  This  method  of  illu- 
mination readily  brings  to  view  the  minute  hexagons  of  Triceratium 
favus  in  balsam,  a  more  difficult  test  than  angulatum;  and  also 
shows  S.  gemma  well  broken  up. 

An  exquisite  definition  of  the  scales  of  Podura  and  Degeeria^ 
gives  no  semblance  of  beading,  although  the  ridges  are  better 
defined  than  I  have  ever  seen  them  before. 

For  an  eminent  optician  to  surpass  his  own  best  glasses  of  the 
highest  powers,  with  objectives  of  an  improved  plan  of  construc- 
tion and  of  as  low  power  as  jV^h,  is  surely  a  triumph  worth  re- 
cording, and  gives  promise  of  still  further  advance. — G.  W. 
Morehouse,  Waylandy  N.  F.,  Nbv.y  1874. 

Remarks  on  Mr.  Morehouse's  Paper.^  —  Referring  to  Mr. 
Morehouse's  observations  on  Podura  and  Lepisma^  I  desire  to  say 
that  I  have  diligently  studied  these  scales  with  the  new  4  system 
^th  and  xV^h  objectives,  and  that  I  thoroughly  endorse  what  he 
has  written.  I  have  never  discovered  the  slightest  semblance  of 
the  "  beading"  set  forth  by  some  observers.  With  the  objective  out 
of  proper  correction,  it  is  indeed  easy  to  get  appearances  that 
might  mislead  a  novice. 

Regarding  the  performance  of  the  ^th,  I  beg  to  add,  that  its 
maximum  cannot  be  obtained  with  eye-pieces  less  than  a  D 
solid.  Even  when  employing  lamp  illumination,  I  often  get  '^  de- 
cided added  force"  by  using  the  ]th  inch  solid  (=F).  With 
blue  sunlight  the  ^th  will  bear  the  jth  inch  solid  efiTectively. — J. 
Edwards  Smith,  Ashtabula^  0.,  Nov,^  1874. 

^Read  before  the  Memphis  Microscopical  Society,  Dec.  3d. 
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NOTES. 

"The  Natural  History  Association  of  North-western  College," 
at  Naperville,  Illinois,  has  recently  completed  its  organization. 
The  following  are  the  officers: — J.  L.  Rockey,  President;  A. 
Goldspohn,  Vice  President;  J.  W.  Troeger,  Secretary;  C.  F. 
Rassweiler,  A.  M.,  Treasurer;  Professor  H.  II.  Rassweiler,  Cu- 
rator ;  Miss  N.  Cunningham,  Directress  of  the  Botanical  Depart- 
ment ;  C.  H.  Dreisbach,  Director  of  the  Mineralogical  and  J.  W. 
Troeger,  of  the  2^1ogical  Departments. 

Those  who  remember  the  ingenious  section  cutter  figured  and 
described  in  a  late  number  of  the  Naturalist  will  be  pleased  to 
know  that  L.  Schrauer,  13  Edgerly  Place,  Boston,  has  the  patterns, 
and  can  furnish  them  to  order.  He  has  made  one  for  the  Botanic 
Gardens,  Cambridge,  and  it  works  admirably.  He  is  endeavoring 
to  establish  a  business  in  this  branch  of  work  including  microscope 
stands  and  apparatus  connected  with  it,  and  we  can  highly  com- 
mend his  work. —  E.  S.  Mobse. 

[We  cordially  recommend  Mr.  Schrauer  as  an  excellent  work- 
man.— Editors.] 

The  skeletons  of  five  Indians  were  recently  exhumed  by  several 
members  of  the  Essex  Institute,  in  Marblehead.  A  farther  ac- 
count will  appear  in  our  next  number.  The  skeletons  were  photo- 
graphed in  situ,  and  copies  of  the  photographs  are  for  sale  by  the 
Naturalists'  Agency. 

The  undersigned  is  about  to  publish  his  long  projected  mono- 
graph of  Geometrid  moths,  and  designs  giving  a  figure  of  each 
species.  To  make  the  work  as  complete  as  possible  specimens  of 
this  family  are  earnestly  desired  for  study  and  will  be  carefully 
returned,  or  other  specimens  sent  in  exchange. — A.  S.  Packard,  Jr. 

EXCHANGES. 

Mounted  Miero$eopic  02(/tf<rff  wanted  in  exchange  for  handsomelj  UlaBtrated  Geolog* 
ical  Reports.    Address  Rev.  I.  F.  Stidham,  171  South  8d  Street,  Colambus^  Ohio. 

Pacific  Algn  in  exchange  for  specimens  ttom  the  Atlantic  coast  of  the  United 
States.    Address  Rev.  A.  B.  Heryey,  10  North  Second  Street,  Troj,  N.  Y. 

Wanted.    A  smnU  quantity  of  the  New  or  West  Nottingham  diatomaceooa  earth  (or 
information  in  regard  to  locality).   A  good  exchange  offered.     Address  Frank  MlUer» 
P.  O.  Box  143,  East  New  York,  Kings  County,  N.  Y. 
(64) 
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ON  THE  CLASSIFICATION  OF  THE  ANIMAL 
KINGDOM.! 

BT   PROFEgSOB  T.  H.  HUXLET. 


LnnViEUS  defines  the  object  of  classification  as  follows :  —  '*  Me- 
tbodas,  anima  scientise,  indigitat,  primo  Intuitu,  quodcumque  cor- 
pus, naturale,  at  hoc  corpus  dicat  proprium  suum  nomen,  et  hoc 
nomen  qusecumque  de  nomlnato  corpore  beneficio  seculi  innotnere, 
nt  sic  in  snmma  confusione  rerum  apparenti,  summus  conspiciatur 
Naturae  ordo."     ("Systema  Naturae,"  ed.  12,  p.  13.) 

With  the  same  general  conception  of  classificatory  method  as 
Linneeus,  Cuvier  saw  the  importance  of  an  exhaustive  analysis  of 
the  adult  structure  of  animals,  and  his  classification  is  an  attempt 
to  enunciate  the  facts  of  structure  thus  determined,  in  a  series  of 
propositions  of  which  the  most  general  constitute  the  definitions 
of  the  largest,  and  the  most  si^ecial,  the  definitions  of  the  smallest 
groups. 

Von  Baer  showed  that  our  knowledge  of  animal  structure  is  im- 
perfect unless  we  know  the  developmental  stages  through  which 
that  structure  has  passed ;  and  since  the  publication  of  his  ^^  Ent- 
wickelungsrCreschichte  der  Thiere,"  no  philosophical  naturalist 
has  neglected  embryological  facts  in  forming  a  classification. 

Darwin,  by  laying  a  novel  and  solid  foundation  for  the  theory 

*  Paper  read  at  the  Linnean  Society,  Dec.  4, 1874.  Printed  from  advance  proofs  cor- 
rected by  the  author. 

Entered,  according  to  Act  of  Congress,  in  the  year  1875,  by  the  PxABODY  AOADBHT  OF 
ScuuiCK.  In  the  OfBce  of  the  Librarian  of  Congress,  at  Washington. 
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of  evolution,  introduced  a  new  element  into  taxonomy.  If  a 
species,  like  an  individual,  is  the  product  of  a  process  of  develop- 
ment, its  mode  of  evolution  must  be  taken  into  account  in  deter- 
mining its  likeness  or  unlikeness  to  other  species ;  and  thus 
"  phylogeny  "  becomes  not  less  important  than  embryogeny  to  the 
taxonomist.  But  while  the  logical  value  of  phylogeny  must  be 
fully  admitted,  it  is  to  be  recollected  that  in  the  present  state  of 
science  absolutely  nothing  is  positively  known  respecting  the 
phylogeny  of  any  of  the  larger  groups  of  animals.  Valuable  and 
important  as  phylogenic  speculations  are  as  guides  to,  and  sug- 
gestions of,  investigation,  they  are  pure  hypotheses  incapable  of 
any  objective  test ;  and  there  is  no  little  danger  of  introducing 
confusion  into  science  by  mixing  up  such  hypotheses  with  tax- 
onomy, which  should  be  a  precise  and  logical  arrangement  of 
verifiable  facts. 

The  present  essay  is  an  attempt  to  classify  the  known  facts  of 
animal  structure,  including  the  development  of  that  structure, 
without  reference  to  phylogeny,  and,  therefore,  to  form  a  classifi- 
cation of  the  animal  kingdom  which  will  hold  good,  however  much 
phylogenic  speculations  may  vary. 

Animals  are  primarily  divisible  into  those  in  which  the  body  is 
not  dififerentiated  into  histogenetic  cells  (Protozoa),  and  those  in 
which  the  body  becomes  diflTerentiated  into  such  cells  (Metazoa  of 
HsBckel). 

I.  The  Protozoa  are  again  divisible  into  two  groups:  1.  the 
Monera  (H^eckel),  in  which  the  body  contains  no  nucleus ;  and  2. 
the  Endoplastica,  in  which  the  body  contains  one  or  more  nuclei. 
Among  these  the  Infusoria,  Ciliata  and  Flagellata  {e.g.,  Noctiluca), 
while  not  forsaking  the  general  type  of  the  single  cell,  attain  a 
considerable  complexity  of  organization,  presenting  a  parallel  to 
what  happens  among  the  unicellular  Fungi  and  Algae  (e.^.,  Mucor, 
Vaucheria,  Caulerpa). 

IL  The  Metazoa  are  distinguishable,  in  the  first  place,  into 
those  which  develop  an  alimentary  cavity — a  process  which  is  ac- 
companied by  the  differentiation  of  the  body  wall  into,  at  fewest, 
two  layers,  an  epiblast  and  a  hypoblast  {Oastrcea^  of  Hseckel), 
and  those  in  which  no  alimentary  cavity  is  ever  formed. 

Among  the  Gastraese  there  are  some  in  which  the  gastrula,  or 
primitive  sac  with  a  double  wall  open  at  one  end,  retains  this  prim- 
itive opening  throughout  life  as  the  egestive  aperture ;  numerous 


Digitized  by  VjOOQIC 


CLASSIFICATIOK  OF  THE  ANIMAL  KINGDOM.  67 

ingestive  apertures  being  developed  in  the  lateral  walls  of  the  gas- 
trula — ^whence  these  may  be  termed  Polystomata.  This  group 
comprehends  the  Spongida  or  Porifera.  All  other  GastrsBae  are 
Monostomata,  that  is  to  say,  the  gastrula  develops  but  one  inges- 
tive aperture.  The  case  of  compound  organisms  in  which  new 
gastrulae  are  produced  by  germination  is  of  course  not  a  real  ex- 
ception to  this  rule. 

In  some  Monostomata  the  primitive  aperture  becomes  the  per- 
manent mouth  of  the  animal  (Archsestomata). 

This  division  includes  two  groups,  the  members  of  each  of  which 
are  very  closely  allied: — 1.  The  Coelenterata.  2.  The  Scoleci- 
morpha.  Under  the  latter  head  are  included  the  Turbellaria,  the 
Nematoidea,  the  Trematoda,  the  Hirudinea,  the  Oligochseta,  and 
probably  the  Rotifera  and  Gephyrea, 

In  all  the  other  Monostomata  the  primitive  opening  of  the  gas- 
trula, whatever  its  fate,  does  not  become  the  mouth,  but  the  latter 
is  produced  by  a  secondary  perforation  of  the  body  wall.  In 
these  Deuterostomata  there  is  a  perivisceral  cavity  distinct  from 
the  alimentary  canal,  but  this  perivisceral  cavity  is  produced  in 
different  ways. 

1.  A  perivisceral  cavity  is  formed  by  diverticula  of  the  ali-. 
mentary  canal,  which  become  shut  off  from  the  latter  (Enterocoela). 

The  researches  of  Alexander  Agassiz  and  of  Metschnikoff  have 
shown  that,  not  only  the  ambulacral  vessels,  but  the  perivisceral 
cavity  of  the  echinodermata  are  produced  in  this  manner ;  a  fact 
which  may  be  interpreted  as  indicating  an  affinity  with  the  Coelen- 
terates  (though  it  must  not  be  forgotten  that  the  dendrocoele 
Turbellaria  and  many  Trematoda  are  truly  "coelenterate"),  but 
does  not  in  the  least  interfere  with  the  flindamental  resemblance 
of  these  animals  to  the  worms. 

Kowalevsky  has  shown  that  the  perivisceral  cavity  of  the  anom- 
alous Sagitta  is  formed  in  the  same  way,  and  the  researches  of 
Metschnikoff  appear  to  indicate  that  something  of  the  same  kind 
takes  place  in  Balanoglossus. 

2.  A  perivisceral  cavity  is  formed  by  the  splitting  of  the  meso- 
blast  (Schizocoela). 

This  appears  to  be  the  case  in  all  ordinary  Mollusca,  in  all  the 
polychaetous  Annelida,  of  which  the  Mollusca  are  little  more  than 
an  oligomerous  modification,  and  in  all  the  Arthropoda. 

It  remains  to  be  seen  whether  the  Brachiopoda  and  the  Polyzoa 
belong  to  this  or  the  preceding  division. 
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3.  A  perivisceral  cavity  is  formed  neither  from  diverticula  of 
the  alimentary  canal  nor  by  the  splitting  of  the  mesoblast,  but  by 
an  outgrowth  or  invagination  of  the  outer  wall  of  the  body  (Epi- 
csela).  • 

The  Tunicata  are  in  this  case,  the  atrial  cavity  in  them  being 
formed  by  invagination  of  the  epiblast. 

Amphioxus,  which  so  closely  resembles  an  Ascidian  in  its  de- 
velopment, has  a  perivisceral  cavity  which  essentially  corresponds 
with  the  atrium  of  the  Ascidian,  though  it  is  formed  in  a  somewhat 
different  manner.  One  of  the  most  striking  peculiarities  in  the 
structure  of  Amphioxus  is  the  fact  that  the  body  wall  (which  ob- 
viously answers  to  the  somatopleure  of  one  of  the  higher  verte-" 
brata,  and  incloses  a  "  pleuro-peritoneal "  cavity  in  the  walls  of 
which  the  generative  organs  are  developed),  covers  the  branchial 
apertures,  so  that  the  latter  open  into  the  "  pleuro-peritoneal " 
cavity.  This  occurs  in  no  other  vertebrated  animal.  Kowalevsky 
has  proved  that  this  very  exceptional  structure  results  from  the 
development  of  the  somatopleure  as  a  lamina  which  grows  out 
from  the  sides  of  the  body  and  eventually  becomes  united  with 
iits  fellow  in  the  middle  ventral  line,  leaving  only,  the  so-called 
'^  respiratory  pore  "  open.  Stieda  has  mentioned  the  existence  of 
the  rapke  in  the  position  of  the  line  of  union  in  the  adult  animal. 
Rathke  described  two  ''abdominal  canals**  in  Amphioxus;  and 
Johannes  Miiller,  and  more  recently  Stieda,  have  described  and 
figured  these  canals.  However,  Rathke's  canals  have  no  existence, 
and  what  have  been  taken  for  them  are  simply  passages,  or  semi- 
canals, between  the  proper  ventral  wall  of  the  abdomen  and  the 
incurved  edges  of  two  ridges  developed  at  the  junction  of  the  ven- 
tral with  the  lateral  faces  of  the  body,  which  extend  from  behind 
the  abdominal  pore  where  they  nearly  meet,  to  the  sides  of  the 
mouth.  Doubtless  the  ova  which  Kowalevsky  saw  pass  out  of 
the  mouth,  had  entered  into  these  semi-canals  when  they  left  the 
body  by  the  abdominal  pore,  and  were  conveyed  by  them  to  the 
oral  region.  The  ventral  integument  between  the  ventrolateral 
laminse  is  folded  as  Stieda  has  indicated,  into  numerous  close-set 
longitudinal  plaits  which  have  been  mistaken  for  muscular  fibres, 
and  the  grooves  between  these  plaits  are  occupied  by  epidermic 
cells,  so  that  in  transverse  section  the -interspaces  between  the 
plaits  have  the  appearance  of  glandular  ceeca.  This  plaited  organ 
appears  to  represent  the  Wolffian  duct  of  the  higher  Vertebrata, 
which,  in  accordance  with  the  generally  embryonic  character  of 
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Amphioxus,  retains  its  primitive  form.  The  somatopleure  of  Am- 
phioxas  therefore  resembles  tliat  of  ordinary  vertebrata  in  giving 
rise  to  a  Wolffian  duct  by  invagination  of  its  inner  surface.  But 
the  Wolffian  duct  does  not  become  converted  into  a  tube,  and  its 
dorsal  or  axial  wall  unites  with  its  fellow  in  the  raph6  of  the 
ventral  boundary  of  the  perivisceral  cavity. 

In  all  the  higher  Vertebrata  of  which  the  development  has  yet 
been  traced,  the  "  pleuro-peritoneal "  or  perivisceral  cavity  arises 
by  an  apparent  splitting  of  the  mesoblast,  which  splitting,  how- 
ever, does  not  extend  beyond  the  hinder  portion  of  the  branchial 
r^on.  But  in  many  veii;ebrata  (e.^f.,  Holocephali,  Ganoidei,  Tel- 
eostei.  Amphibia)  a  process  of  the  integument  grows  out  from  the 
region  of  the  hyoidean  arch,  and  forms  an  operculum  covering  the 
gill-cleft.  In  the  frog,  as  is  well  known,  this  opercular  membrane 
is  very  large,  and  unites  with  the  body  wall  posteriorly,  leaving 
only  a  "  respiratory  pore  "  on  the  left  side,  during  the  later  periods 
of  the  tadpole's  life.  Here  is  a  structure  homologous  with  the 
splanchnopleure  of  Amphioxus ;  while,  in  the  thoraco-abdominal 
region,  the  splanchnopleure  appears  to  arise  by  splitting  of  the 
mesoblast.  Considering  what  takes  place  in  Amphioxus,  the 
question  arises  whether  the  ^^  splitting  "  of  the  mesoblast  in  the 
Vertebrata  may  not  have  a  different  meaning  from  the  apparently 
similar  process  in  the  Arthropoda,  Annelida  andMollusca;  and 
whether  the  pericardium,  pleura,  and  peritoneum  are  not  parts  of 
the  epiblast,  as  the  atrial  tunic  is  of  the  epiblast  of  the  ascidians. 
Further  investigation  must  determine  this  point.  In  the  mean- 
while, on  the  assumption  that  the  "  pleuro-peritoneal "  cavity  of 
the  Vertebrata  is  a  virtual  involution  of  the  epiblast,  the  perfto- 
Bcal  aperture  of  fishes  becomes  truly  homologous  with  the  "  respi- 
ratory pore  **  of  Amphioxus ;  and  the  Wolffian  ducts  and  their 
prolongations,  witb  the  Miillerian  duets,  are,  as  Gegenbaur  has 
already  suggested,  of  the  same  nature  as  the  segmental  organs  of 
worms. 

The  division  of  Metazoa  without  an  alimentary  cavity  is  estab- 
lished provisionally,  for  the  Cestoidea  and  Acanthocephala,  in 
which  no  trace  of  a  digestive  cavity  has  ever  been  detected.  It  is 
quite  possible  that  the  ordinary  view  that  these  are  Castraeae  mod- 
ified by  parasitism  is  correct.  On  the  other  hand,  the  cases  of  the 
Nematoid  worms  and  of  the  Trematoda  show  that  the  most  com- 
plete parasitism  does  not  necessarily  involve  the  abortion  of  the 
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alimentary  cavity,  and  it  must  be  admitted  to  be  possible  tiiat  a 
primitive  gregariniform  parasite  might  become  multicellalar  and 
might  develop  reproductive  and  other  organs,  without  finding  any 
advantage  in  an  alimentary  canal.  A  purely  objective  classifica- 
tion will  recognize  both  these  possibilities  and  leave  the  question 
open. 


THE  SONG  OF  THE  CICADA. 

BT  F.  C.  CLARK,  M.  D. 


It  must  not  be  considered  that  all  music  is  a  succession  of  de- 
lightful sounds.  Harmony,  it  is  true,  depends  much  upon  the 
construction  of  the  musical  apparatus,  but  it  depends  still  more 
upon  the  skill  of  the  operator  and  the  taste  of  the  listener. 
Hence  among  the  lowest  insect  tribes,  many  a  rough,  fasping 
note,  though  awakening  no  particular  delight  in  us,  serves  as 
great  a  purpose  as  the  more  pleasant  sounds. 

On  any  warm  sunny  afternoon,  or  evening,  insect  courtships 
take  place  in  countless  numberia  under  our  very  eyes  if  we  would 
only  use  them.  What  Katy-did^  which  name  the  insect  has  borne 
for  ages,  still  exercises  the  imagination  of  poets  and  philosophers. 
We  hear  it  loudly  whispered  in  trees  and  shrubbery,  that  some- 
thing was  done  by  "  Katy,"  but  beyond  that  we  are  left  in  utter 
darkness;  though  some  poets  have  even  attempted  to  unravel 
the  mystery. 

Among  still  higher  orders  of  animals,  as  our  birds,  we  find 
the  plumage  of  the  male  more  brilliant,  during  the  pairing  season, 
and  their  songs  more  ravishing  than  before.  At  this  time  they 
charm  the  human  listener,  even  as  much  as  the  delighted  female 
bird.  Even  our  barn-yard  cock,  good  chanticleer,  assumes  a 
bolder  front,  and  echoes  his  joyous  notes  over  hill  and  dale. 

Rising  to  mammals,  man  excepted,  we  shall  observe  certain 
sounds  more  or  less  pleasant,  but  still  sufilcient  to  fulfil  the 
object  for  which  they  were  created. 

Therefore  from  the  human  family,  where  music  reaches  its 
highest  perfection,  down  to  the  lowest  and  meanest  insect  that 
utters  a  sound,  each  furnishes  notes  to  form  the  grand  hiarmony 
of  nature,  in  the  great  struggle  for  existence.    To  a  cultivated 
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ear,  the  peep  of  a  Arog,  or  the  chirp  of  a  cricket,  is  not  less  ud- 
pleasing  than  the  monotonous  humdrum  of  the  savage,  who  rep- 
resents now  the  place  formerly  occupied  by  the  most  cultivated 
nations  of  the  world. 

The  cicada  (or  harvest-fly),  improperly  called  "locust,"  is  so 
familiar  that  its  description  seems  hardly  necessary.  Suffice  it 
to  say,  that  from  the  middle  of  June  to  early  autumn,  this  joyous 
little  songster  is  heard  piping  away  upon  the  trees. 

The  insects  especially  known  to  us  are  the  trumpeter  {Cicada 
tibicen)  or  lyreman,  as  it  is  known  in  Surinam,  from  its  noise 
resembling  the  notes  of  a  lyre,  and  the  red-eyed  cicada,  or 
seventeen-year  locust  ((7.  septendedm).  There  is  a  third  ((7. 
canicvlariB)  which  appears  during  dog-days  only.  Its  inferior 
aspect  is  covered  with  a  substance  resembling  meal. 

The  lyreman  comes  to  us  in  a  garb  of  green,  and  with  wings 
trimmed  with  the  same  color.  The  red-eyed  cicada  is  clothed 
in  red  as  the  lyreman  is  in  green.  This  last  insect  has  been 
thought  only  to  appear  as  its  name  indicates.  But  though  less 
numerous  than  the  trumpeter,  the  red-eyed  locusts  may  be  found 
during  every  year,  though  in  different  regions  of  our  country,  its 
name  to  the  contrary  notwithstanding. 

But  it  is  the  cicada's  song,  which  chiefly  interests  us  now — its 
"noise"  if  you  will  have  it  so.  In  some  countries  where  the 
barvest-fly  abounds  (for  all  species  of  it  sing  in  the  same  way) 
its  stridulent  noise  is  in  some  instances  almost  deafening,  and 
may  be  heard  a  mile  off.  But  our  cicada,  I  am  happy  to  say,  is 
not  80  annojring. 

The  males  alone  are  provided  with  the  musical  apparatus.  This 
fact  led  a  very  satirical  Greek,  Zenarchos  by  name,  to  exclaim,  I 
fear,  not  in  a  very  gallant  manner : 

"  Are  not  cicadas  truly  blest 
By  not  a  female  yoioe  oppressed.** 

The  ancients  speak  of  them  in  the  most  flattering  terms.  So 
much  did  they  please  our  Greek  and  Boman  friends,  that  they 
were  kept  in  cages,  as  one  would  pet  a  bird. 

The  Athenian  ladies  wore  gold  cicadas  in  their  hair  as  orna- 
ments. A  toy  cicada,  sitting  upon  a  harp,  was  an  emblem  of  the 
science  of  music. 

But  the  cicada  was  not  alone  beloved  for  its  song.  They  were 
also  ser\'ed  up  as  dainty  morsels  to  Athenian  epicures.    A  shrewd 
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old  philosopher  remarked,  that  cicadas  were  good  in  the  pupa  state, 
but  better  when  served  up  full  grown,  especially  the  females,  just 
before  they  have  deposited  their  eggs. 

From  historians  and  philosophers  we  pass  to  the  poets.  Their 
praises  and  similes  here  are  legion.  Homer  compares  garrulous 
old  men ; 

<*  To  the  cicadas,  which  infest 
The  woodlands,  and  sitting  upon  the  trees 
Utter  a  delicate  voice."* 

And  Virgil, 

"  And  shriU  cioadaB  all  the  woodland  tire  '*  (Sonthey).* 

which  leaves  it  apparent  to  our  minds,  that  their  music  did  not 
strike  our  poet  as  being  very  melodious. 

Since  we  hear  the  cicada  generally  during  the  hottest  part  of 
the  day,  Virgil  saj's  again : 

"  Under  a  scorching  sun  the  woods  resound 
With  shrill  cicadas'  notes/'* 

In  fine,  no  praises  seemed  too  extravagant  to  lavish  upon  the 
harvest-fly.  The  ancients  called  them  "the  love  of  the  Muses," 
"  Sweet  prophet  of  summer,"  etc.  They  likened  them  to  the  gods. 
No  sound  seemed  to  awaken  in  their  minds  memories  so  pleasant, 
as  the  truly  delicate  voice  of  the  cicada.  We  can,  perhaps,  sym- 
pathize with  them  here,  when  we  hear  the  peeping  of  the  frogs  at 
the  opening  of  spring,  the  glad  token  that  the  long  and  cold  winter 
is  past.  Especially  can  we  feel  such  emotions  when  we  hear  them 
after  a  long  absence  from  home. 

Antipater  is  said  to  have  preferred  the  notes  of  the  cicada  to 
the  swan's.  But  all  others'  praises  fall  short,  compared  with  what 
Anacreon  bestows  upon  our  little  friend.  And  truly  most  raptur- 
ously he  sings 

**  Oh  thou  of  all  creation  blest. 
Sweet  insect  I  that  delight'st  to  rest 
Upon  the  wild  wood's  leaf^  tops, 
To  drink  the  dew  that  morning  drops, 
Ai^d  chirp  thy  song  with  such  agieCt 
That  happiest  kings  may  envy  thee  I 
Whatever  decks  the  velvet  field, 
Whate'er  the  circling  seasons  yield, 
Whatever  buds,  whatever  blows, 
For  thee  it  buds,  for  thee  it  grows. 
Nor  yet  art  thou  the  peasant's  fear. 
To  him  thy  friendly  notes  are  dear; 
For  thou  art  mild  as  matin  dew, 

>  IL.  Book  III.  «Geog.  HI,  828.  «Bucol.  II. 
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And  stUl,  when  stimmer's  flowery  hue 
Bej^lns  to  paint  the  bloomy  plain, 
9  We  hear  thy  sweet  prophetic  strain ; 

Thy  sweet  prophetic  strain  we  bear. 
And  bless  the  notes,  and  thee  revere  I 
The  Muses  love  thy  shrilly  tone; 
Apollo  calls  thee  all  his  own ; 
Twas  he  who  gave  that  voice  to  thee, 
'TIS  he  who  tunes  thy  minstrelsy. 
Unworn  by  ages*  dim  decline, 
The  fadeless  blooms  of  youth  are  thine. 
Melodious  Insect  I  child  of  earth  I 
In  wisdom  mirthful,  wise  in  mirth : 
Exempt  from  every  weak  decay, 
That  withers  vulgar  minds  away; 
With  not  a  drop  of  blood  to  stain, 
The  current  of  thy  purer  vein, 
So  blest  an  age  is  passed  by  thee. 
Thou  seem'bt  a  little  deity.*** 

Now  after  singing  the  praises  of  our  little  friend,  the  cicada, 
in  not,  I  hope,  too  extravagant  a  vein,  we  pass  to  a  brief  de- 
scription of  his  singing  apparatus,  ^nd  learn  how  he  makes  his 
music,  and  see  how  wonderful  and  complicated  that  organ  really 
is. 

B^aumur  made  numerous  dissections  of  the  cicada,  and  was 
the  first  to  describe  accurately  the  mode  of  production  of  its 
music.  But  as  these  dissections  can  easily  be  made,  and  the 
insects  plenty,  each  one  may  investigate  quite  well  for  himself.  A 
caref\)l  examination  of  the  insect  is  however  necessary,  as  the 
whole  musical  apparatus  is  within  the  abdomen  in  the  first  ring. 

Upon  the  abdomen  of  the  male,  are  seen  two  close  fitting  scales, 
rounded  at  the  free  end,  and  straight  where  they  join  the  body. 
These  can  be  lifted  to  a  considerable  degree,  but  prevented  to 
too  great  an  extent  by  two  projections  which  serve  to  keep  the 
valves  (or  opercula  more  properly)  in  place.  Removing  the 
valve,  we  observe  beneath  a  cell,  a  little  box,  so  to  say,  at  the 
bottom  of  which  lies  a  circular  membrane  of  exceeding  thinness, 
and  presenting  all  the  colors  of  the  rainbow.  Reaumur  calls  it 
the  mirror.  It  resembles  the  drum  of  the  ear,  and  affords  much 
pleasure  even  in  a  cursory  examination.  Imagine  for  the  time 
two  cells,  with  each  a  window  opening  into  the  internal  parts  of 
the  body,  and  concealing  machinery  which  works  the  apparatus. 
Each  cell  is  divided  into  three  parts  by  a  triangular  plate ;  the 
upper  boundary  being  a  semilunar  membrane,  which  may  be  con- 

*  Ode  XXXIV,  Moore*8  Trans. 
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tracted  or  relaxed  at  the  pleasure  of  the  insect,  aild  the  part 
containing  the  mirror.  But  the  real  organ  is  only  seen  from  tlie 
back.  It  is  fotind  a  little  below  the  external  covering  of  the  ani- 
mal, directly  facing  the  membranous  drumhead  in  the  first  cavity. 
It  consists  of  a  very  thin  membrane,  wrinkled,  and  can  be  moved 
back  and  forth  within  its  circumference,  causing  a  snapping  noise, 
something  like  the  sounds  given  out  by  the  live  insect.  Attached 
beneath  each  drumhead  are  fibres  of  muscle,  which  join  near  the 
inside  edge  of  the  mirrors,  and  form  one,  which  is  inserted  to  the 
back.  If  we  pull  one,  or  both  these  muscles,  the  well  known 
sound  is  emitted.  When  these  muscles  are  contracted  or  pulled, 
the  drumhead  falls  in ;  and  when  relaxed,  the  drumhead  springs 
into  position  by  its  own  elasticity.  We  can  therefore  imagine 
how,  when  these  muscles  are  contracted  with  sufficient  rapidity, 
the  insect  sings  his  song.  The  musical  instrument  is  therefore, 
simply  a  little  drum.  The  sound  passes  through  the  first  cell, 
and  its  pitch  is  regulated  by  the  movable  semilunar  membrane. 
Then  striking  against  the  min*or  the  sound  may  be  reinforced ; 
and  then  passes  out  by  the  valves  which  regulate  its  intensity  in 
some  manner.  For  on  pressing  the  valves  closely  to  the  body, 
little  sound,  if  any,  is  emitted ;  raise  up  the  valves  as  high  as  pos- 
sible and  the  sound  is  most  intense. 

The  insect  may  be  kept  captive  for  some  time,  and  in  this  con- 
dition much  may  be  learned  from  actual  observation.  Boys  in 
Surinam  fasten  straws  to  the  cicadas  and  run  with  them  through 
the  streets.  Its  ''noise"  has  been  compared  to  the  sound  given 
out  by  whirling  a  piece  of  cardboard  attached  to  a  string,  rapidly 
through  the  air. 

The  cicada,  though  as  in  the  seventeen-year  species  maturing 
for  several  years,  lives  but  for  a  brief  season.  With  the  exph*ing 
summer  he  takes  his  leave,  and  testifies  with  his  lingering  life,  a 
glad  song  which  grows  feebler  and  feebler,  till  finally  it  dies  away 
sadly  but  beautifhl  like  the  summer  he  carries  with  him. 
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BY   DR.   ELLIOTT    COUES,   U.  8.  A. 

No.  2. 

In  the  treeless  portions  of  Montana,  the  streams  that  meander 
through  the  houndless  prairies  constantly  present  the  feature  of 
^^  cut-hanks,"  which  I  mentioned  in  mj  last  article  as  the  breeding 
resort  of  various  hawks.  This  furnishes  other  exceptional  In- 
stances of  terrestrial  nidification,  which  may  well  be  placed  on 
record. 

Probably  no  birds  vary  more  in  their  modes  of  nesting  accord- 
iDg  to  different  circumstances  than  swallows ;  and  certainly  none 
adapt  themselves  more  readily  to  their  surroundings.  On  the  face 
of  the  cut-banks,  as  would  be  expected,  thousands  of  cliff  swal- 
lows fasten  their  bottle-shaped  ^ests  of  mud ;  but  who  would  have 
anticipated  the  breeding  amongst  them  of  barn  swallows,  in  holes 
in  the  ground?  In  various  parts  of  Montana,  where  there  were 
no  trees,  and  no  breaks  in  the  prairie  excepting  the  ^'cou16b" 
(ravines)  and  streams,  I  frequently  saw  troops  of  barn-swallows, 
and  for  some  time  wondered  where  they  bred.  At  length  Mr. 
Batty,  one  of  my  assistants,  found  some  nests  of  this  species,  and 
settled  the  question.  The  nests  were  placed  in  little  excavations 
on  the  face  of  the  banks,  deep  enough  to  be  fairly  called  "  holes," 
and  answering  all  the  purpose  of  the  comer  of  the  rafters,  which 
the  bird  usually  selects.  Mr.  Batty  surmised  that  in  some  in- 
stances at  least,  the  bird  enlarged  and  adapted,  if  it  did  not 
actually  dig  out,  the  excavation ;  but  of  this  I  do  not  feel  sure. 
It  seems  more  probable  that  choice  was  made  of  the  natural  inden- 
tations of  the  bank,  just  as  was  the  case  with  the  hawks  already 
mentioned. 

At  one  of  our  camps  on  a  small  tributary  of  Milk  River,  o;i  the 
boundary  line  of  the  United  States  and  British  America,  two 
nests  of  the  golden  eagle  (AquUa  chrysaetes)  were  found  within  a 
mile  of  each  other,  each  capping  a  piece  of  cut-bank. 

Viewed  from  the  prairie  side  they  seemed,  and  actually  were,  to 
all  intents  and  purposes,  placed  on  the  bare  level  ground ;  from 
the  reverse  aspect  the  natural  Instinct  of  nesting  on  a  crag  was 

(76) 


Digitized  by  CjOOQIC 


76  THE   BREEDING   OF   CERTAIN  BIRDS. 

seen  to  be  fulfilled.  But  one  would  think  that  if  an  eagle  were  to 
stoop  to  nest  in  such  a  place,'  the  bird  would  choose  the  highest 
and  boldest  embankment  in  the  vicinity.  Such  was  not,  however, 
the  case.  One  of  the  nests  which  I  visited  was  rather  upon  the 
brow  of  a  little  hill  than  the  edge  of  a  cliff.  The  distance  from 
the  bed  of  the  stream  was  no  more  than  an  easy  gunshot,  and  the 
inclination  was  so  slight  that  I  readily  walked  up  the  embank- 
ment, gun  in  hand.  The  nest  was  composed  of  sticks,  some  of 
which  were  as  large  as  one's  wrist,  brushwood  and  bunches  of 
grass  and  weeds  with  masses  of  earth  still  adhering  to  the  roots. 
It  was  about  four  feet  across  in  one  direction,  and  three  in  the 
other,  the  shape  being  suited  to  the  slight  projection  of  ground  on 
which  the  nest  rested;  the  matted  mass  of  material  averaged 
about  six  inches  deep.  The  other  nest  was  described  to  me  as 
considerably  larger.  Both  were  empty  and  apparently  deserted. 
Although  I  saw  no  eagles  just  at  this  spot,  I  do  not  hesitate  to 
identify  the  nests  as  those  of  the  species  mentioned,  for  the  birds 
were  very  frequently  —  almost  every  day  —  seen  in  the  neighbor- 
ing Sweetgrass  Hills.  There  do  not  appear  to  be  any  bald  eagles 
in  the  country,  and  the  nests  were  altogether  too  large  to  have 
been  those  of  any  kind  of  hawk  known  to  occur  in  the  region. 

Some  years  ago.  Dr.  F.  V.  Ilayden  brought  us  from  the  moun- 
tains a  pair  of  harlequin  ducks  {Histrionicus  torquatus)^  and 
accompanying  the  specimens  was  an  egg  cut  from  one  of  them. 
This  fact,  coupled  with  the  date  of  capture  (May  31),  led  to  the 
inference  of  the  breeding  of  this  species  in  the  Rocky  Mountains 
within  the  limits  of  the  United  States.  The  past  season  (1874) 
I  have  had  the  pleasure  of  establishing  the  fact.  At  Chief  Moun- 
tain Lake,  near  the' heart  of  the  Rockies,  where  the  U.  S.  Boundary 
line  crosses,  I  found  broods  of  young  harlequins  still  unable  to 
fly,  late  in  August.  Several  specimens,  including  the  mother  of 
one  of  the  broods,  were  secured  ;  the  adult  male  was  not  observed. 
What  is  somewhat  unusual  for  ducks,  this  brood  was  found  in  a 
clear  ice-cold  mountain  torrent,  disporting  in  a  pool  at  the  foot  of 
a  cascade.  The  altitude  was  about  Qve  thousand  feet.  The  char- 
acter of  the  stream  may  be  clearly  recognized  in  the  fact  that  it 
was  full  of  beautiful  trout  of  two  species,  and  was  also  the  home 
of  the  water  ouzel  (Cinclus  Mexicanus).  When  disturbed,  the 
old  bird  flew  low  over  the  water,  while  others  sank  back  quietly 
into  the  limpid  element,  till  only  the  head  remained  above  the 
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surface — just  like  grebes;  some  sought  reAige  behind  and  be- 
neath the  cascade,  screened  by  the  whole  volume  of  water  that 
leaped  over  the  projecting  rocks.  Another  brood  was  seen  swim- 
ming quietly  in  one  of  the  side  pools  near  the  lake. 

With  the  harlequins  was  also  breeding  a  species  of  Buc&phala, 
It  was  not  B.  albeola,  but  whether  B.  clangula  or  B.  islandica  is 
yet  undetermined,  as  I  did  not  take  the  old  male,  and  as  the  yoang 
ones  cannot  be  determined  without  comparison  of  specimens  that 
I  cannot  make  in  the  field. 

The  breeding  of  the  Bohemian  waxwing  (Ampelia  garrulus) 
long  remained  unknown,  and  to  this  day  mj^  only  records  of  its 
nesting  on  this  continent  have  come  fVom  Alaska,  whence  speci- 
mens of  the  eggs  were  lately  brought.  It  is  a  matter  of  satis- 
faction to  be  able  to  attest  its  breeding  in  the  Rocky  Mountains, 
on,  or  at  any  rate  very  near,  the  border  of  the  United  States.  On 
the  19th  of  August,  while  I  was  at  Chief  Mountain  Lake  (this 
beautiful  sheet  of  water  lies  across  our  line),  a  Bohemian  wax- 
wing  was  shot  by  my  assistant,  Mr,  A.  B.  Chapin,  who  picked  it 
out  of  a  flock  of  common  cedar  birds.  It  was  still  in  the  peculiar 
streaky  stage  of  plumage  which  is  characteristic  of  the  very  young 
bird,  and  must  have  been  hatched  somewhere  in  the  vicinity. 
Additional  evidence  in  favor  of  this  induction  lies  in  the  fact  that 
the  cedar  birds  were  breeding  at  the  same  time.  Several  young 
ones  were  shot,  and  Mr.  Chapin  secured  a  nest  containing  four 
partially  incubated  eggs.  This  was  late  (Aug.  19)  even  for  so 
tardy  a  breeder  as  the  cedar  bird  is  well  known  to  be.  But  the 
birds  were  in  mountains,  and  at  a  latitude  (49^)  north  of  their 
average  breeding  range.  What  with  the  rare  ducks  just  men- 
tioned, the  water  ouzels,  dusky  grouse,  and  the  curious  little  chief 
hare,  Lagomys  princeps^  to  say  nothing  of  the  aristocratic  Bohe- 
mians, ov  familiar  friends  were  here  in  very  select  company. 

There  are  some  interesting  points,  all  of  which  may  not  be 
generally  known,  respecting  the  range  of  the  flickers  in  this  part 
of  the  world.  In  the  Red  River  Valley,  and  clear  away  westward 
on  the  parallel  of  49°  to  where  the  Coteau  of  the  Missouri  crosses 
this  line,  you  get  nothing  but  pure  auratua.  I  have  shot  this 
nearly  to  the  head  waters  of  the  Souris  or  Mouse  River.  Through- 
out the  greater  part  of  the  Missouri  region  proper — the  immense 
extent  of  which  must  be  travelled  over  to  be  thoroughly  appreci- 
uted  —  the  curious  "  hybrid  "  form  prevails.    I  never  saw  a  speci- 
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men  that  did  not  show  the  mixture  of  Mexicanus^  from  any  part 
of  the  Missouri  water-shed  beyond  the  strict  limits  of  the  Eastern 
Province.  But  at  the  Rocky  Mountains  this  mongrel  breed  runs 
up  north  into  the  Saskatchewan  region  at  least,  if  not  farther. 
In  latitude  this  is  more  than  abreast  of  the  Mouse  River  area  where 
auratus  flourishes  untouched  with  red.  I  have  specimens  of  vari- 
ous grades  of  "hybridity"  from  the  mountains  where  the  St. 
Mary's,  the  Kootenay  (or  Kootanie)  the  Belly  and  other  tributa- 
ries of  the  northern  waters  arise. 

Audubon's  warbler  {Dendrosca  Auduhoni)  breeds  in  the  Rocky 
Mountains  at  the  locality  lately  tepecified.  Several  very  young 
birds  were  shot  in  August. 

There  is  something  I  have  not  quite  made  out  respecting  the 
breeding  range  of  Sprague's  lark,  Neocorys  SpragueL  The  bird 
can  hardly  be  more  abundant  anywhere  than  it  is  in  the  country 
west  of  the  Red  River  and  north  of  the  Missouri  Cotean.  I  cer- 
tainly saw  several  thousand  last  year.  The  present  season,  at  the 
site  of  Fort  Union  (Audubon's  original  locality),  and  thence  up 
the  Missouri  to  the  mouth  of  Milk  River,  I  noticed  altogether  a  few 
hundred  perhaps.  But  the  birds  were  not  common,  and  in  all  the 
country  west  of  this  I  saw  none  at  all  until  I  came  upon  the  head 
of  Milk  River,  just  at  the  ridge  that  divides  these  waters  from  those 
of  the  Saskatchewan.  There,  among  the  foothills  of  the  Rockies, 
the  species  reappeared.  Much  the  same  peculiarity  attaches  to  the 
breeding  range  of  Baird's  bunting.  This  bird  is  everywhere  over 
the  Mouse  River  region,  and  the  type  came  from  the  Upper  Mis- 
souri, but  during  the  summer  just  passed  I  have  failed  to  find  a 
single  one  in  the  whole  country  from  the  mouth  of  the  Yellowstone 
to  the  headwaters  of  the  Saskatchewan. — Fort  Bentoriy  Montana^ 
Sept.  9,  1874. 


THE  COLOSSAL  CEPHALOPODS  OF  THE   NORTH 
ATLANTIC.    II. 

BT   PROF.  A.  E.  VERRILL. 


After  the  first  part  of  this  article  was  printed,  I  received  an 
interesting  letter  from  the  Rev.  Mr.  Harvey,  who,  in  accordance 
with  my  request,  has  made  a  new  examination  of  the  large  arm  of 
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"  No  2,"  preserved  in  the  Museum  at  St.  John's,  N.  F.  He  states, 
in  this  letter,  that  all  the  suckers  were  originally  denticulated 
around  the  mai^n,  as  suggested  by  me  in  the  last  number  of  the 
Naturalist,  and  that  this  fact  was  previously  overlooked  on  ac- 
count of  the  mutilation  it  had  undergone.  He  has  also  furnished 
to  me  a  full  series  of  measurements  of  its  various  parts.  It  has 
contracted  excessively  in  the  alcohol,  and  is  now  only  thirteen  feet 
and  one  inch  in  length  (instead  of  nineteen  feet,  its  original 
length),  the  enlarged  sucker-bearing  portion  being  two  feet  and 
three  inches ;  the  large  suckers  occupy  twelve  inches ;  the  terminal 
part  bearing  small  suckers,  nine  inches ;  circumference  of  slender 
portion  8*5  to  4*25  inches ;  of  largest  part  6  inches ;  breadth  of 
face,  among  large  suckers,  2*5  inches ;  from  face  to  back,  1*62 
inches ;  diameter  of  largest  suckers  outside,  *75  of  an  inch ;  inside, 
*6d  of  an  inch.  It  will  be  evident  from  these  measurements,  when 
compared  with  those  made  while  fresh  and  from  the  photograph, 
that  the  shrinkage  has  been  chiefly  in  length,  the  thickness  re- 
maining about  the  same,  but  the  suckers  are  considerably  smaller 
than  the  dimensions  previously  given. 

Mr.  Harvey  also  mentions  that  a  specimen  was  cast  ashore  at 
Bonavista  Bay,  December,  1872,  and  his  informant  says  that  the 
long  arms  measured  thirty-two  feet  in  length,  and  the  short  arms 
about  ten  feet  in  length,  and  were  *'  thicker  than  a  man's  thigh." 
The  body  was  not  measured,  but  he  thinks  it  was  about  fourteen 
feet  long,  and  very  stout,  and  that  the  largest  suckers  were  2*5 
inches  in  didmeter.  The  size  of  the  suckers  is  probably  exagger- 
ated, and  most  likely  the  length  of  the  body  also.  It  is  even  pos- 
sible that  this  was  the  same  specimen  from  which  the  beak  and 
suckers  described  in  my  last  article,  as  No.  4,  from  Bonavista  Bay, 
were  derived,  for  the  date  of  capture  of  that  specimen  is  unknown 
to  me.  The  latter,  however,  was  much  smaller  than  the  above 
measurements  of  the  former  would  admit,  and  it  will,  therefore,  be 
desirable  to^give  this  one  a  special  number  (11). 

Another  specimen,  which  we  may  designate  as  No.  12,  was  cast 
ashore  this  winter,  near  Harbor  Grace,  but  was  destroyed  before 
its  value  became  known,  and  no  measurements  are  given. 

Architeuthis  princepa  Verrill,  sp.  nov.,  figures  26,  26,  27.  This 
species  is  based  on  the  lower  jaw  mentioned  as  No  1  in  my  former 
papers,  and  on  the  upper  and  lower  jaws  designated  as/No,  10,  in 
the  'first  part  of  this  article ;  besides  these  jaws  we  only  have  the 
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posterior  end,  the  length  from  the  point  of  the  beak  to  the  poste- 
rior edge  being  3*4  inciies.  The  texture  is  firmer  and  the  lamina 
are  relatively  thicker  than  in  A,  monachus.  The  rostrum  and 
most  of  the  frontal  regions  are  black  and  polished,  gradually  be- 
coming orange-brown  and  translucent  toward  the  posterior  border, 
and  marked  with  faint  striae  radiating  from  the  tip  of  the  beak,  and 

Fig.  26. 


Lower  Jaw  or  Archftenthia  princeps.    No.  10.   Natural  size.  The  dotted  line  stiows 
tlie  portions  that  are  present  on  the  back  side. 

by  faint  ridges  or  lines  of  growth  parallel  with  the  posterior  mar- 
gin ;  a  slight  but  sharp  ridge  extends  backward  from  the  notch  at 
the  base  of  the  cutting  edge,  and  other  less  marked  ones  from  the 
anterior  border  of  the  alfie.  The  tip  of  the  beak  is  quite  strongly 
curved  forward,  and  acute,  with  a  slight  shallow  groove,  commenc- 
ing just  below  the  tip,  on  each  side,  and  extending  backward  only 
a  short  distance  and  gradually  fading  out.  The  cutting  edge  is 
nearly  smooth  and  well  curved,  the  curvature  being  greatest  to- 
ward the  tip ;  at  its  base  there  is  a  broad  angular  notch,  deepest 
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Dally.    The  inner  face  of  the  rostrum  is  convex  in  the  middle 
soncave  or  excavated  toward  the  margins,  which  are,  there- 
rather  sharp.    The  anterior  borders  of  the  alee  are  convex, 
e  into  a  broad,  but  low,  lobe  or  tooth  beyond  the  notch,  but 
id  this  they  are  nearly  straight,  but  with  slight,  irregular 
,  which  do  not  correspond  on  the  two  sides.     The  anterior 
of  the  alffi  make  nearly  a  right  angle  with  the  cutting  edges 
e  rostrum.     The  palatine  lamina  is  broad,  thin,  and  dark 
I,  becoming  reddish  brown  and  translucent  posteriorly,  with 
.,  whitish  border.    The  surface  is  marked  with  unequal  diver- 
striae  and  ridges,  some  of  which,  especially  near  the  dorsal 
ftre  quite  prominent  and  irregular ;  the  posterior  border  has 
id  emargination  in  the  middle,  but  the  two  sides  do  not  ex- 
correspond.    The  lower  jaw  (fig.  26)  was  badly  broken,  and 
of  the  pieces,  especially  of  the  alee,  are  lost,  but  all  that  re- 
lave  been  fitted  together.    The  extreme  length  is  8*63  inches ; 
•tal  breadth,  and  the  distance  from  front  to  back,  cannot 
ertained,  owing  to  the  absence  of  the  more  prominent  parts 
alse ;  from  tip  of  beak  to  posterior  dorsal  border  of  mentum, 
from  tip  of  beak  to  posterior  lateral  border  of  alee,  2*20 ; 
ip  of  beak  to  posterior  dorsal  border  of  gular  lamina,  2*87 ; 
^ip  of  beak  to  bottom  of  notch  at  its  base,  '80  ;  tip  of  beak 
^  angle  of  gular  lamina,  1*85  ;  height  of  tooth  from  bottom 
eh,  '25 ;  breadth  (between  teeth  of  opposite  sides,  '60 ;  from 
to  back  of  gular  lamina,  in  middle,  1*75.    The  rostrum  is 
with  faint  radiating  striae,  and  with  slight  undulations  par- 
rith  rthe  posterior  border ;   the  beak  is  acute,  slightly  in- 
,  with  a  noteh   near  the  tip,  from  which  a  very  evident 
runs  back  for  a  short  distance,  while  a  well  marked,  angular 
starts  from  just  »below  the  notch,  and  descends  in  a  curve  to 
I,  opposite  the  large  tooth,  defining  a  roughened  or  slightly 
Ated  and  decidedly  excavated  area,  between  it  and  the  cut- 
Iges ;  thevcutting  edge  below  this  ridge  is  nearly  straight,  or 
iT  convex ;  the  notch  at  its  base  is  rounded  and  deep  and 
y  excavated  at  bottom ;  the  tooth  is  broad,  stout,  obtusely 
d  at  summit,  sloping  abruptl}'^  on  the  side  of  the  notch,  and 
lly  to  the  alar  edge.    The  anterior  edge  of  the  alae,  beyond 
)th,  is  rounded  and  strongly  obliquely  striated :  it  makes, 
le  cutting  edge,  an  angle  of  about  110**.     The  inner  sur- 
f  the  two  sides  of  the  internal  plate  of  the  rostrum  form 
le  of  about  45*. 
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The  lower  jaw  of  No.  1  (fig.  27)  is  represented  only  by  its 
anterior  part,  the  alee  and  gular  laminae  having  been  cut  away  by 
the  person  who  removed  it.  It  agrees  very  well  in  form  and  color 
with  the  corresponding  parts  of  the  one  just  described,  but  is 
somewhat  smaller.  The  lateral  ridges  of  the  rostrum  are  rather- 
more  prominent,  and  the  area  within  it  is  narrower  and  more 
deeply  excavated,  especially  at  the  base  of  the  notch,  where  the 
excavation  goes  considerably  lower  p]^^  27. 

than  the  inner  margin.  The  notch 
is  narrower  and  not  so  much  round- 
ed at  its  bottom.  The  tooth  is 
about  the  same  in  size  as  that  of 
No.  10,  and  appears  to  be  even  more 
prominent,  because  the  edge  of  the 
aUe  is  more  concave  at  its  outer 
base;  it  is  also  more  compressed 
and  less  r^ularly  rounded  at  sum- 
mit ;  the  anterior  edge  of  the  al®     Part  of  lower  jaw  of  ArchitcnUUs 

....  a.t        1         11  princeps.    No.  1.    Nat.  size. 

seems  to  nse  mto  another  low  lobe 

beyond  the  concave  portion.    This  jaw  measures  1*30  inches  fh>m 

the  tip  to  the  posterior  dorsal  border  of  mentum ;  *65  from  tip  to 

the  bottom  of  the  notch ;  '16  from  bottom  of  notch  to  tip  of  the 

tooth. 

Both  these  lower  Jaws  agree  in  having  a  very  prominent  tooth 
on  the  alar  edge,  with  a  large  and  deeply  excavated  notch  between 
it  and  the  cutting  edge,  and  in  this  respect  differ  ftrom  the  two 
lower  Jaws  of  A.  monachua  in  my  possession,  for  in  the  latter  the 
tooth  or  lobe  is  low  and  broad,  and  scarcely  prominent,  while  the 
notch  is  narrow  and  shallow.  This  seems  to  be  the  best  character 
for  distinguishing  the  jaws  of  the  two  species.  But  they  also 
differ  in  the  angle  between  the  alar  edge  and  the  cutting  edge  of 
the  rostrum,  especially  of  the  lower  Jaw,  for  while  in  A.  monachus 
this  is  hardly  more  than  a  right  angle,  in  A.  princeps  it  is  about 
110^.  Moreover,  the  darker  color  and  firmer  texture  of  the  Jaws 
of  the  latter  seem  to  be  characteristic. 

The  proportions  of  the  body  seem  to  be  quite  different,  if  we 
can  Judge  by  the  measurements  given  of  the  specimen  (No.  1) 
which  was  found  dead  and  floating  at  the  surface  of  the  water,  at 
the  Banks  of  Newfoundland,  by  Capt.  Campbell,  of  the  schooner 
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B.  D.  Haskins,  from  Gloucester,  Mass.,  in  October,  1871.1  It  is 
stated  that  this  specimen  was  measured,  and  that  the  body  was 
fifteen  feet  long,  and  four  feet  and  eight  inches  in  circumference. 
The  arms  were  badly  mutilated,  hut  the  portions  remaining  were 
estimated  to  be  nine  or  ten  feet  long  and  about  twenty-two  inches 
in  circumference,  two  being  shorter  than  the  others.  This  would 
indicate  a  much  more  elongated  form  of  body  than  that  of  A, 
monachuB.  If  these  proportions  be  correct,  the  body  of  No.  10 
must  have  been  about  nineteen  feet  in  length,  and  five  feet  and 
nine  inches  in  circumference. 

Tliis  specimen  is  probably  the  largest  invertebrate  hitherto  actu- 
ally examined  by  any  naturalist.  Larger  cephalopods  may  pos- 
sibly have  been  seen  by  mariners,  but  most  of  their  statements 
of  size  are  only  rud^  estimates,  and  are  nearly  always  much  exag- 
gerated. 

Notes  on  specimens  described  by  other  writers.  We  are  mainly 
indebted  to  Professor  Steenstrup  and  to  Dr.  Harting  for  our 
knowledge  of  the  specimens  preserved  in  European  museums,  or 
cast  ashore  on  the  European  coasts.  Professor  Steenstrup  has 
given  interesting  accounts,  compiled  from  contemporary  docu- 
ments, of  a  specimen  taken  in  1546,  and  of  two  specimens  of 
huge  cephalopods  cast  ashore  at  Iceland  in  1639  and  1790,  and 
has  also  described  and  figured  ^  the  jaws  of  another  specimen  o 
A,  monachus,  obtained  at  Jutland  in  1853.  In  the  same  memoir, 
of  which  5  have  seen  only  the  first  part,  there  are  references  to  a 
description  and  figures  of  A,  Titan^  obtained  in  1855,  by  Capt. 
Hygom,  in  N.  Lat.  31*;  W.  Long.  76.**  The  latter  specimen 
appears  to  be  the  same  that  Harting ^  mentioned  under  the  name 
of  ''^Architeiithis  dux  Steenstrup,"  as  collected  at  the  same  time 
and  place,  and  of  which  he  published  an  outline  figure  of  the  lower 
jaw,  copied  from  a  drawing  furnished  to  him  by  Steenstrup.  Hart- 
ing states  that  the  pen  or  **gladius"  of  this  specimen  is  six  feet 
long.     Many  important  parts  of  this  specimen  wei*e  secured,  and  I 

1  See  the  American  Niituraliut,  Vol.  vii,  p.  91,  Feb..  1873. 

*  Id  a  paper,  of  which  I  bare  only  seen  some  proof-sheets,  given  by  him  to  Dr.  Pack* 
ard,  entitled  **  Spolia  Atlantica.''  Whether  this  memoir  has  been  published  I  do  not 
know.  The  plate  (I)  that  I  have  seen,  is  marked  "  Vid.  Selsk.  Skrifter  V.  Raekke,  naturv. 
og  mathera.  Afd.  Iv,  Bind;^  and  there  are  references  to  three  other  plates  illustrating 
A.  TYton,  etc 

>I>e8criptiondeqnelqiiea  fWigments  de  deux  C^phalopodes  gigantesques.  Publics 
par  1'  Acad^le  Royale  des  Sciences  k  Amsterdam,    iseo.    4to,  with  three  plates. 
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regret  that  I  have  been  unable  to  see  the  figures  and  description 
of  it,  referred  to  by  Harting  as  forming  part  of  Prof.  Steenstrup's 
memoir,  then  unpublished.  But  to  judge  by  the  outline  figure 
given  by  Harting,  it  is  a  species  quite  distinct  from  those  described 
above.  The  lower  jaw  resembles  that  of  A.  monachus  more  than 
A.  princepsy  and  is  a  little  larger  than  that  of  our  No.  5  (see  tig. 
6).  The  beak  is  more  rounded  dorsally,  less  acute,  and  scarcely 
incarved,  the  notch  is  narrow,  and  the  alar  tooth  is  hot  prominent. 

Harting,  in  the  important  memoir  refeiTcd  to,  describes  speci- 
mens of  two  species,  both  of  which  are  evidently  quite  distinct 
from  all  those  enumerated  above. 

The  fii-st  of  these  (Plate  I)  is  represented  by  the  jaws  and 
buccal  mass,  with  the  lingual  dentition,  and  some  detached  suck- 
ers, preserved  in  the  museum  of  the  University  of  Utrecht,  but 
from  an  unknown  locality.  These  parts  are  well  figured  and 
described,  and  were  referred  to  Architeuthis  dux  by  Harting.  But 
the  character  of  the  dentition  (fig.  28)  is  so  totally  different  from 

Fig.  28. 


Teeth  of  Loligo  Hartingii  Verrill.    Enlarged. 

what  I  have  found  in  A.  monachus  that  it  will  be  necessary  to 
refer  this  species  to  a  different  genus,  if  not  to  a  distinct  family. 
The  form  of  the  lower  jaw  is  quite  unlike  that  of  A.  dux^  for  the 
beak  is  very  acute,  the  cutting  edge  is  concave,  the  notch  shallow 
and  broad,  and  the  alar  tooth  is  somewhat  prominent.  The  size 
is  about  the  same  as  our  No.  5.  The  suckers  figured  are  from  the 
sessile  arms,  and  agree  pretty  nearly  with  those  of  A.  monachus 
(see  fig.  3).  The  edge  is  strengthened  by  an  oblique,  strongly 
denticulated  ring.  The  internal  diameter  of  the  largest  of  these 
suckers  is  '75  of  an  inch  ;  the  external,  1-05  inches.  They  were 
furnished  with  slender  pedicels,  attached  obliquely  on  one  side. 
The  lingual  teeth  (see  fig.  28  copied  from  Harting,)  are  in  seven 
regular  rows,  and  resemble  closely  those  of  Loligo  (fig.  9).  In 
fact,  I  cannot  find,  in  the  figures  and  description,  any  character 
by  which  this  species  can  be  separated  from  LoUgOy  and  at  the 
same  time  it  is  evident  that  it  is  a  species  distinct  from  all  others 
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I  woald,  therefore,  propose  to  designate  it  by  the  name 
Hartingii, 

ler  species  described  by  Harting  was  represented  by  the 
pharynx,  an  eye,  a  part  of  one  of  the  sessile  arms,  and 
'  the  long  tentacular  arms,  preserved  in  the  museum  of 
gical  Garden  of  Amsterdam.  They  were  taken  fh>m  the 
of  a  shark,  captured  in  the  Indian  Ocean.  Harting  re* 
is  specimen  to  the  genus  Enoploteutkis^  and  doubtfully  to 
)Q  described  by  Owen  under  the  name  of  E.  wiguiculata^ 
ecimen  in  the  Huntenan  museum,  collected  between  Cape 
[  Australia  by  Banks  and  Solander,  on  Capt.  Cook's  first 
The  jaws  of  this  species  are  very  sharp  and  strongly 
and  a  little  smaller  than  those  of  the  Lolxgo  Hartingiu 
I  of  circular  suckers  with  denticulated  margins,  the  arms 
rows  of  large  sharp  incurved  hooks  or  claws,  arising 
e,  swollen,  muscular  bulb-like  bases,  attached  to  the  arms 
pedicels.  The  lingual  dentition  is  also  quite  peculiar, 
(eth  are  arranged  in  seven  rows,  as  usual, 
nt,  in  the  article  already  refen^ed  to,*  mentions  a  sessile 
giant  cephalopod,  which  has  been  long  preserved  in  the 
[useum,  but  of  which  the  origin  is  unknown.  He  states 
9  feet  long';  11  inches  in  circumference  at  the  base,  ta- 
'  to  a  fine  point.  There  are  fVom  145  to  150  suckers,  in 
lating  rows,  those  at  the  base  being  half  an  inch  in  di- 
The  relatively  small  size  of  the  suckers  and  great  length 
ms  show  that  this  arm  cannot  belong  to  the  same  species 
"chiteuthis  monachus^  which  Mr.  Kent  thought  i)robable. 
le  arms  of  A.  princeps  and  Loligo  Hartingii  are  still  un- 
>  may  belong  to  one  of  those  species,  or  it  may  belong 
ecies  observed,  but  not  captured,  by  the  oflJcers  of  the 
,"  in  1861,  near  Teneriffe,  and  named  Loligo  Bouyeri  by 
id  Fischer,  but  known  only  from  the  imperfect  descrip- 
t  given  by  the  ofiScers,  and  a  sketch  of  it  prepared  while 
were  making  unsuccessful  attempts  to  get  it  on  board. 
Kly  of  this  one  was  estimated  at  15  to  18  feet  in  length, 
urms  somewhat  shorter. 

«  Proceedings  Zoological  Society  of  London,  for  1874,  page  178. 


Digitized  by  VjOOQIC 


LIFE  HISTORIES  OF  THE  PROTOZOA  AND  SPONGES. 

BT  A.  S.  PACKARD,  JR. 

VII.    THE  INFUSORIA  CCILIATA). 

Though  the  tena  Infusoria  has  usually  been  applied  to  nearly 
all  the  Protozoa  provided  with  cilia  Fig.  29. 

or  flagella,  it  is  now  restricted  to  the 
highest  division  of  the  Protozoa.  In- 
stead of  an  attempt  to  define  the  u 
group,  the  following  brief  description 
of  some  of  the  well-known  forms  will 
perhaps  best  show  how  they  differ 
ft-om  the  Flagellata,  with  which  they  cv' 
are  most  apt  to  be  confounded.              ^j 

One  of  the  simplest  and  most  abun- 
dant forms  is  Paramecium.    The  ac-  ^ 
companying  figure  (29),  copied  from 
Clark's  "  Mind  in  Nature,"  represents 
Paramecium    caudatum^    of    Ehren- 
berg.^    This  animalcule  is  a  mass  of    n 
protoplasm,  representing,  perhaps,  a    ^ 
cell.     In  the  body-mass  are  exca- 
vated a  mouth  and  a  throat  leading 
to  a  so-called  stomach  or  digestive 
cavity.     Two   hollows  in  the  body   cv 
form  the  contractile  vesicles,  and  an- 
other cavity  foi*ms  the  reproductive 
oi^an.     Prolongations  of  the  l)ody- 
mass  form  the  cilia,  which  character- 
ize   the    Infusoria    and    give    their 
name,  Ciliata.     No  specialized   tis- 
sues composed  of  cells  exist  in  these 

organisms,  and  they  are  regarded  as  ^ 

on  the  whole  representing   a  single 

cell.      Some  authors,  as  Claparede, 

,   .,  J     «  ,  Paramecium, 

regard  them  as  composed  of  several 

cells,  but  the  whole  animal,  though  performing  functions  nearly 

>  Fig.  20.    A  view  from  the  dorsal  side,  magnified  340  diametere.   H,  the  head :  T,  the 
tall;  M,  the  month;  m  to  ^,  thu  throat;  a,  the  posterior  opening  of  the  digestive  cavity ; 

(87) 
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as  complicated  as  those  of  sponges,  low  worms  and  radiat3s  which 
have  bodies  composed  of  many  cells,  should  be  regarded  as  made 
up  of  indifferent  or  unorganized  sarcode  or  protoplasm,  somewhat 
like  that  of  the  bodies  of  the  embryos  of  the  higher  animals  in 
their  earliest  stages. 

Paramecium  has  an  elongated,  oval  body  "with  one  end  (H) 
flattened  out  broader  than  the  other,  and  twisted  about  one-third 
wa}'  round,  so  that  the  flattened  part  resembles  a  very  long  figure 
8."  In  this  form,  as  in  Stentor  (Fig.  80),  as  Clark  remarks,  "we 
have  the  mouth  at  the  bottom  of  a  broad  notch  or  incurvation, 
and  the  contractile  vesicle  on  the  opposite  side,  next  the  convex 
back,  whilst  tho  general  cavity  of  the  body  lies  between  these 
two."  The  arrows  in  the  figure  represent  the  course  of  the  par- 
ticles of  indigo  with  which  Clark  fed  his  specimens,  "  as  they  are 
whirled  along,  by  the  large  vibrating  cilia  (v)  of  the  edge  of  the 
disk,  against  the  vestibule  of  the  mouth."  During  the  circuit  the 
food  is  digested,  a  mass  of  rejectamenta  is  formed  near  the  protu- 
berance, a,  which  has  appeared  a  short  time  before.  This  finally 
opens,  allows  the  rejected  matter  to  pass  out  and  then  closes  over, 
leaving  no  trace  of  an  outlet.  This  and  other  Infusoria  seem* 
then,  to  have  a  definite  digestive  tract,  hollowed  out  of  the  paren. 
chyma  of  the  body. 

"The  system,"  says  Clark,  "which  is  analogous  to  the  blood 
circulation  of  the  higher  animals,  is  represented  in  Paramecium 
by  two  contractile  vesicles  (cv,  cy^  i,  ii,  iii),  both  of  which  have 
a  degree  of  complication  which,  perhaps,  exceeds  that  of  any 
other  similar  organ"  in  these  animals.  '  When  fully  expanded  they 
appear  round,  as  at  cv;  but  when  contracted  they  ap|)ear,  observes 
Clark,  as  "  fine  radiating  streaks,  and  as  the  main  portion  lessens, 
they  gradually  broaden  and  swell  until  the  former  is  emptied  and 
nearly  invisible,  and  they  are  extended  over  half  the  length  of  the 
body.  In  this  condition  they  might  be  compared  to  the  arterial 
vessels  of  the  more  elevated  classes  of  animals,  but  they  would  at 
the  same  time  represent  the  veins,  since  they  serve  at  the  next 
moment  to  return  the  fluid  to  the  main  reservoir  again,  which  is 
effected  in  this  very  remarkable  way."  The  contents  of  these  ves- 
icles is  a  clear  fluid. 

The  reproductive  organ  in  Paramecium  is  a  small  tube  (?*),  only 
seen  at  the  reproductive  period  when  the  eggs  (n)  are  fully  grown. 

ct^S  the  anterior  and  cv,  posterior  contractile  vesicles;  i,  ii.  iii,  the  radiating  canals  of 
rr> ;  n,  the  reproductive  organ ;  v,  the  large  vibrating  cilia  at  the  edge  of  the  yeetibnle.* 
-After  H.  J.  Clarlt. 
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Clark  8ny8  that  the  eggs  are  arranged  in  it  "  in  a  single  line,  one 
after  the  other,  at  varying  distances."  It  usually  lies  in  the  midst 
of  the  body,  and  extends  from  one-half  to  two-thii'ds  of  the  length 
of  the  animal.     "According  to  b   Pig. so. 

Balbiani's  observations  upon   a 
closely  allied  species,  when  the 

eggs  are  laid  they  pass  out  from     *"  ^ 

the  ovary  through   an   aperture  ^ 

Dear  the  mouth"  (Clark).  cv 

In   the    Trumpet    animalcule  m 

(Fig.  30,  Stentor  polymorphus  of  e 

Ehrcnberg,  after  Clark^)  we  have     ^  n 

a  higher  grade  of  development 
than  in  Paramecium,  the  animal- 
cule attaching  itself  at  one  end, 
and  building  up  a  slight  tube  in 
which  it  contracts  when  dis- 
turbed ;  an  anticipation  in  na- 
ture of  the  worm  in  its  tube. 
Prof.  Clark  has  studied  in 
this  animalcule  certain  circular 
bands  within  the  edge  of  the  ^^* 
disk,  from  which  arise  twelve 
very  thin  stripes  (jr)  which  con- 
vei^e  towards  the  mouth  (m).  ^^ 
These  bands  are  evidently,  he 
says,  in  close  relation  with  the  ^ 

mouth  and  cilia,  the  most  active  Trumpet  Animalcule. 

organs  of  the  animal,  and  he  concludes  that  it  is  a  ner^'ous 
system. 

The  most  complicated  form  of  all  among  the  Infusoria  is  the 
Vorticella,  or  bell-shaped  animalcule.  These  forms  are  very  com- 
mon on  submerged  plants  and  leaves,  appearing  to  the  naked  eye 
like  mould.      Their  motions,  as  they  suddenly  contract  and  then 

***  stentor  polymorphut,  maguifled  130  diameters,  expanded  and  bent  elightly  over 
towards  the  observer;  the  mouth,  m.  next  th  j  eye,  and  the  dorsal  edge  in  the  distance. 
a,  posterior  end ;  thy  the  tube  enclosing  at  c,  the  ciliated  border  of  the  disk  («) ;  6,  the 
larger,  rigid  cilia;  cp,  the  contractile  vesicle  in  the  extreme  distance,  seen  through  the 
whole  thickness  of  the  body;  cv>,  cf^,  the  posterior  prolongation  of  cv,  in  tlie  distance; 
r,  r>,  the  circular  and  radiating  branches  of  the  nervous  system;  n.  n^,  the  reproduce 
tive  system,  extending  flrom  the  right  side,  at  n,  posteriorly,  but  towards  the  eye  at  n> 
(Claik). 
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ted  OD  a  long  stalk,  are  very  interesting. 
They  form  the  most  available  and 
attractive    Infusoria    for  study  and 
amusement.    The  throat  is  quite  dis- 
tinct, while  the  nucleus  is  the  most 
conspicuous  organ  of  the  bod3\    The 
digestive  cavity  is  "one  vast  hol- 
low," in  which  the  whole  mass  of  food 
revolves  in  a  determinate    channel 
(Clark).     In   fact,  so  highly  devel- 
oped are  these  InAisoria  that  they 
seem  to  anticipate  certain  low  worms 
to  which  they  bear  a  cei*tain  resem- 
i    blance,  and  indicate  that  the  worms 
may  have  sprung  either  from  the  In- 
^    fusoria  or  earl^"^  organisms  like  them. 
Biitschli  claims  to  have  discovered 
8^  that    lasso  cells  like  those  in    the 
Hydra  and  jelly  fishes  are  developed 
'    in  a  certain  inf\isorium  named  by  him 
mj  Polykrikos. 

The  InAisoria  may  be  divided  into 
p    three  groups ;  1 ,  represented  by  Pa- 
ramecium ;     2,   by    Vaginicola    and 
Vorticella,  and  3,  by  Acineta  ( Fig.  83 , 
'  H).    This  latter  form  is  not  ciliated, 
n  fi'ont  prolonged  into  slender  suckers, 
»uth.     At  one  time  Stein  supposed  that 
la  passed  into  an  *' Acineta-form,"  but 
ind  Stein  retracted  his  opinion, 
rent  modes  of  development  among  the 
d  in  doubt.     The  best  observers  have 
tve  appeared  sound,  and  then  revoked 
,  that  the  simplest  and  commonest  mode 
,  a  process  analogous  to  the  ordinary 

'.» a  single,  many^forked  colony  of  beH  animalcules, 
f  the  animalcules  magnified  250  diameters,  p,  the 
f  cilia  at  the  edge  of  the  disk;  ma,  the  muscle;  m  to 
r;;  m,  the  month,  g,  g^.  the  throat;  2,  the  single  vlbra* 
depths  of  the  throat;  cvy  the  contractUe  Tesicle:  «, 
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self-division  of  the  nucleus  of  eggs,  and  the  primary  mode  of 
growth  in  both  animals  and  plants,  not  involving  the  idea  of  sex. 

As  a  good  example  of  fission^  by  which  all  Infusoria  are  sup- 
posed to  multiply  their  kind,  though  some  may  at  cei*tain  times 
reproduce  f^om  eggs,  we  may  cite  a  case  observed  by  Clark,  the 
fall  account  of  which  is  given  in  his  admirable  ^'Mind  in  Nature." 
He  observed  a  Stentor  polymorphus  divide  in  two.  The  first 
change  taking  place  is  in  the  contractile  vesicle,  which  divides  into 
two  distinct  vesicles.  The  mouth  of  the  new  Stentor  is  formed  in 
the  middle  of  the  under  side,  first  appearing  as  a  shallow  pit, 
around  which  arises  a  semicircle  of  vibratile  cilia.  The  new 
mouth  deepens,  the  throat  is  hollowed  out ;  all  this  taking  place 
before  any  external  sign  of  division  appears.  But  in  the  coarse 
of  two  hours  the  body  splits  asunder,  and  two  new  individuals 
appear,  each  exactly  like  the  other. 

In  Vaginicola  there  is  a  modification  of  this  simple  process, 
which  is  more  like  true  gemmation  or  budding,  and  is  accompanied 
by  a  process  of  encysting.    Our  figures  of  the  mode  of  development 

Fig.  33. 


Deyelopment  of  Vaginicola. 

are  taken  tVoin  a  short  paper  by  C-  J.  Miiller.  He  first  traced 
the  fission  of  this  infusorium  (Fig.  32,  A),  which  takes  place  in 
the  following  manner.  After  the  animal  has  withdrawn  within 
its  case,  and  assumed  a  pear-shaped  form,  its  cilia,  meanwhile, 
apparently  lost,  a  conical  fissure  appears  at  the  base,  and  soon 
after  "a  wavy  line  of  division  shows  itself  at  the  upper  extremity 
of  the  animalcule ;"  the  two  fissures  enlarge  and  meet ;  pulsating 
vesicles  become  active  on  both  sides  of  the  line  of  fission,  and 
cilia  begin  to  grow  out,  until  dt  the  end  of  an  hour,  two  separate 
animals  are  formed,  which  soon  afterwards  appear  as  in  Fig.  38,  B. 
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Now  begins  a  Dew  process ;  the  production  of  a  free  swimming 
embryo.  On  one  of  the  two  Vaginicolas  is  developed  ''  a  delicate 
ring  or  band  at  about  one-third  its  length  from  the  lower  extrem- 
ity." Then  it  contracts  in  its  cell,  becomes  quiet  (as  in  Fig.  33, 
C,  D)  and  from  the  ring  or  band  develops  a  new  circle  of  cilia, 
the  former  ones  having  disappeared.  It  then  swims  off  as  at  Fig. 
33,  E,  darting  about  rapidly  until  it  attaches  itself  to  a  piece  of 
Conferva,  as  at  Fig.  33,  F.  After  some  hours,  perhaps  twenty, 
a  fringe  of  cilia  begins  to  appear  on  the  upper  end,  the  old  ones 
begin  to  be  absorbed,  and  the  tube  arises,  as  at  Fig.  33,  G,  and  a 
new  Vaginicola  appears.  Stein  had  some  years  previous  made 
similar  obsei-vations  on  Vaginicola  crystaUina  Ehr.,  and  thought 
he  had  traced  their  Airther  development  into  a  form  resembling 
Acineta  (Fig.  33,  H),  but  this  proved  afterwards  to  be  a  young 
parasitic  Acineta,  a  suctorial  Infusoiian. 

We  have  seen  that  Vaginicola  passes  through  a  resting  stage, 
withdrawing  into  the  case  in  which  it  lives,  and  being  for  a  time 
inactive.  Stein  has  shown  that  all  the  Vorticellinse  '<  at  an  earlier 
or  later  sta^e  of  their  development  become  encj'sted,  by  drawing 
in  their  ciliated  disk  and  contracting  their  bodies  into  a  ball ;  at 
the  same  time  secreting  around  themselves  a  gelatinous  mass 
which  solidifies  into  a  firmer  elastic  covering."  Fig.  34,  G,  after 
Stein,  shows  a  Vorticella  thus  encj^sted.  After  becoming  thus 
encysted  the  interior  becomes  homogeneous,  as  in  Fig.  34,  H. 
From  this  cyst  the  Vorticellfle  arise  directly. 

Now  a  second  mode  of  development,  and  the  simplest,  has  been 
observed  by  Stein,  i,  6.,  that  of  monad-like  young  which  result 
from  the  breaking  up  of  the  cyst.  While  examining  a  cyst  Stein 
observed  that  it  burst,  and  the  free  contents ''  remained  as  a  round, 
transparent  limpid  drop  of  jelly,  of  about  the  same  diameter  as 
the  cyst,  in  which  some  thiit}^  embryos,  of  the  form  of  Monaa 
colpoda  or  Monaa  acintUlans^  sailed  about  with  varied  and  active 
motion,  as  if  in  a  little  ocean."  These  embryos  resulted  from  the 
breaking  up  of  the  band-like  nucleus.  This  breaking  up  did  not 
take  place  '^by  successive  acts  of  division,  but  in  the  nucleus, 
round  disks  become  marked  off  contemporaneously,  at  the  most 
distant  points ;  whilst  the  intermediate  substance  of  the  nucleus 
becomes  re-absorbed." 

It  thus  seems  that  the  Ciliata  pads  through  a  flagellate  or  monad 
condition.     Stein  regards  the  above  described  propagation  by  the 
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change  of  the  whole  inner  encysted  body  of  a  Vorticella  into 
numerous  embryos,  as  the  equivalent  of  the  sexual  propagation  of 
the  higher  animals.  We  also  quote  Stein's  summary  of  the  cycle 
of  changes  undergone  by  the  Vorticella :  *'  We  may  thus  ideally 
arrange  the  different  stages  of  development  through  which  the 
Vorticellce  pass ;  the  largest  end  their  lives  by  becoming  encysted  ; 
the  whole  of  the  contents  of  their  bodies  then  passes  into  em- 
bryos, to  which  the  dividing  germ-nucleus  first  gives  origin. 

"  The  embryos  become  fixed,  develop  from  their  posterior  ex- 
tremity a  stalk,  which  is  at  first  not  contractile,  and  gradually 
change  their  monad-like  bodies  into  that  of  a  common  Vorticella. 

^^As  soon  as  this  has  taken  place,  their  very  much  smaller  size 
only  distinguishes  them  from  the  perfect  Vorticellse.  Even  in  this 
imperfect  condition  they  frequently  multiply  by  continaal  division 
and  in  a  subordinate  degree  by  external  gemmation.  This  power 
of  multiplication  in  the  imperfect  state,  however,  is  one  of  the 
most  certain  criteria  that  we  have  to  do  with  an  alternation  of 
generations.  ♦  ♦  *  ♦  Finally,  the  last  generation  become 
encysted,  not  to  re-awake  to  an  independent  existence,  but  to 
break  up  into  a  swarm  of  embryos." 

Let  us  now  look  at  the  development  of  Epistyha  plicatUis  as 
studied  by  Claparede.     Fig.  34,  A,  represents  an  individual  con- 


Deyelopmcnt  of  Epistylie. 

taining  several  embrj'^os  (B)  and  opposite  the  lower  one  on  the 
right  side  is  a  projection,  through  which  the  embryo  at  B'  has 
passed  out.  The  specimen  figured  at  B'  is  a  fair  example  of  the 
embryos  of  species  belonging  to  six  families  of  Infusoria,  and 
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may,  perhaps,  serve  as  a  typical  example  of  most  Infusoria  at  the 
time  of  birth.  This  young  stage  may,  then,  be  contrasted  with 
the  embryos  of  the  Fiagellata,  which  are  of  a  much  simpler  form, 
resembling  the  zoospores  of  the  algae  and  lower  Protozoa. 

The  embryos  of  the  InfVisoria  arise  fVom  the  nucleus,  which  cor- 
responds to  the  ovary  of  the  higher  animals.  The  nucleus  is  a 
curved,  oblong,  oval  body,  represented  in  Figs.  34,  A,  n;  35,  E. 
When  the  Epistylis  is  about  to  reproduce  its  young,  the  nucleus 
sends  off  a  portion  which  enlarges  until  it  assumes  the  appearance 
indicated  by  Fig.  34,  C.  It  has  become  round,  and  contains  a  cen- 
tral, granular  mass,  fk*om  which  the  embryos  arise.  At  Fig.  34,  D, 
is  a  globular  mass,  detached  from  the  nucleus,  and  containing  sev* 
eral  embryos  in  the  first  state  of  development.  Fig.  34,  E,  repre- 
sents the  embryos  provided  with  a  circle  of  cilia,  and  nearly  ready 
to  swim  about  fireely.  Claparede  did  not  watch  their  farther  devel- 
opment, but  thought  it  probable  that  they  grew  directly  into  the 
Epistylis  form. 

What  is  the  meaning  of  conjugation  in  the  InAisoria  is  not 
clearly  understood.  Whether  it  is  analogous  to  sexual  union  is 
not  certainly  known,  but  it  is  now  thought  by  Balbiani  that  the 
smaller  individuals  found  conjugating  with  the  larger  are  males, 
and  he  even  thinks  that  some  Infusoria  contain  spermatozoa. 
Fig.  34  represents  an  Epistylis  conjugating,  each  one  provided 
with  two  buds ;  the  bud  of  the  individual  on  the  left  is  conjugated 
with  that  of  the  individual  on  the  right  hand.  Epistylis  also 
passes  through  encysted  stages  as  indicated  at  Fig.  34,  G  and  H. 

The  same  mode  of  development  was  observed  by  Claparede  in 

Fig.  85. 


Development  or  Uriuilii. 


a  parasite  of  the  Epistylis,  t.  e.,  Umuia  epistylidis  (Fig.  35-), 
which,  besides  reproducing    by  fission,  also    produces  ciliated 
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yonng.  Fig.  85,  B,  e,  represents  the  ciliated  young  within  the 
body  of  the  parent,  B ;  Fig.  35,  C,  the  free  swimming  ciliated 
yqang.  In  another  specimen  Claparede.  observed  the  interior  of , 
the  body  sabdivide  into  several  masses,  as  at  Fig.  35^  D.  These 
masses  increase  in  size  and  become  filled  with  a  number  of  small 
corpuscles,  with' active  movements,  which  finally  press  through  the 
walls  of  the  Umula.  These  are  probably  spermatozoa,  as  Stein 
considers  Umula  as  the  male  of  Epistylis,  contrary  to  the  opinion 
of  Claparede,  who  regarded  it  as  a  Rhizopod,  though  its  ciliated 
young  is,  in  the  light  of  later  studies,  suflScient  to  prove  that  it  is 
a  ciliate  infusorian. 

As  to  the  sexuality  of  the  Infusoria,  Balbiani  has  advanced  the 
idea  that  they  are  in  reality  hermaphrodite,  the  nucleus  repre- 
senting the  ovary,  and  the  nucleolus  the  testis,  the  latter  produc- 
ing bodies  which  he  regards  as  spermatozoa.  Claparede  regards 
this  view  as  well  founded,  as  it  had  already  been  suggested  by 
himself,  Lieberkuhn,  J.  Miiller  and  Stein  that  certain  Infusoria 
contained  spermatic  particles,  found  not  only  in  the  nucleolus,  but 
also  in  the  nucleus,  into  which  they  had  penetrated  from  the  nu- 
cleolus. This  has  been  observed  in  Paramecium,  where,  as  Clap- 
arede quotes  as  Stein's  opinion,  that  ^'  Fecundation  having  been 
accomplished,  these  zoosperms  disappear,  and  the  nucleus  then 
divides  in  a  manner  comparable  to  the  segmentation  of  the  egg 
into  a  certain  number  of  segments,  or  reproductive  bodies,  des- 
tined  each  to  give  rise  to  an  embryo.  The  Infhsoria,  then,"  adds 
Claparede,  "  are  androgynous.** 

It  appears,  also  from  the  observations  of  Balbiani,  that  the 
Infusoria,  as  Stentor,  Paramecium,  Vorticella,  etc.,  have  true 
eggs,  each  egg  consisting  of  ^^two  hollow 'membranous  spheres, 
the  smaller  being  enclosed  within  the  other,  and  separated  from  it 
by  a  considerable  interval."  The  smaller  vescicle  he  i-egards  as 
the  germinal  vesicle,  and  the  larger  as  the  vitelline  membrane. 
After  the  fecundation,  "  at  the  end  of  four  or  five  days,  the  devel- 
opment of  the  eggs  is  complete,  and  each,  with  the  aid  of  re- 
agents, displays  in  a  very  distinct  manner  its  characteristic  ele- 
ments, namely,  vitelline  membrane,  vitellus,  germ-vesicle  and 
germ-spot."  Butschli,  however,  it  should  be  stated,  denies  that 
Infusoria  produce  spermatozoids  which  fertilize  the  nucleus.  As 
to  the  development  of  the  Acinetse,  self-fission  is  in  them  very 
are,  while  conjugation  is  very  frequent. 
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There  are,  then,  two  modes  of  development  among  the  Infusoria 
(Ciliata);  — 

1.  By  fission. 

2.  By  production  of  internal  ciliated  embryo  arising  from  eggs. 
We  have,  then,  for  the  first  time  among  the  Protozoa,  if  the 

observations  of  Balbiani'  be  correct  (though  this  is  denied  by 
good  observers),  truly  sexual  animals,  producing  true  eggs  and 
spermatic  particles.  The  same  animal  reproduces  both  by  fission 
and  by  the  production  of  ciliated  embrj'os.  Most  of  them  before 
producing  embryos  undergo  fission.  This  is  comparable  to  the  al- 
ternation of  generations  among  the  Hydroids,  Aphides,  etc. 
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VIII.     THE   SPONGIiE  (PORIFERA). 

We  now  come  to  animals  whose  bodies  are  composed  of  numer- 
ous Cells,  and  which  produce  true  eggs,  sometimes  even  with  a  thin 
calcareous  shell,  and  genuine  sperm  cells..  The  embryo  sponge . 
arises  from  eggs  which  undergo  a  total  segmentation  of  the  yolk. 
The  free  swimming  larva  later  in  its  life  becomes  fixed,  loses  its 
external  cilia,  but  retains  its  cellular  walls,  now  composed  of  two 
layers,  which  are  supported  by  silicious  or  calcareous  needles  or 
spicules  developed  in  the  inner  layer. 

To  regard  such  an  organism  as  a  Protozoan,  or  even  to  compare 
it  with  a  compound  Radiolarian  such  as  Sphserozoum,  with  its  sili- 
cious spicules  and  aggregations  of  one-celled  organisms,  would 
not  seem  warranted.  We  have,  in  fact,  in  the  light  of  the  anatomi- 
cal investigations  of  Lieberkiihn,  Carter  and  Clark,  and  the  com- 
bined anatomical  and  embryological  studies  of  Hoeckel,  Metsch- 
nikoff  and  Carter,  no  grounds  for  leaving  them  among  the  Pro- 
tozoa.    Indeed,  one  of  the  most  striking  illustrations  of  the  value 
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of  the  knowledge  of  the  early  history  of  an  organism  is  afforded 
by  the  embryology  of  the  sponge.  Hseckers  discovery  that  the 
lural  sponge  is  a  planula,  though  not  homologous  with  the  em- 
biyo  polype  or  jelly-fish,  enables  the  naturalist  to  at  once  decide 
that  the  sponge  is  not  a  Protozoan,  but  belongs  to  a  type  only  less 
highly  organized  than  the  lower  polypes,  and  with  more  analogy 
to  the  Radiates  than  the  Protozoa. 

If,  under  the  guidance  of  the  results  of  the  studies  of  Lieber- 
kiihn.  Carter,  Clark,  and  particularly  of  Hseckel  and  Metschnikoff, 

Fig.  88.  Fig.  87. 


k^t^^n^  ^^i^TT^iAi,.  AxInoUa,   with    a    parasitio 

AxlneUa  polypoiaeB.  poiyuc,  2^  naturai  oue.  At- 


C 


Schmidt. 


ve  examine  the  structure  of  a  sponge,  we  shall  find  that  in  its 
simplest  form  it  is  a  hollow,  vertical  cylinder,  fastened  by  its  base, 
with  the  mouth  opening  upwards  fh)m  a  central  gastro-vascular 
c&vity,  with  ciliated  epithelial  cells  lining  the  cavity,  and  possess- 
hig  a  surprising  degree  of  individuality.  There  usually  are  sev- 
eral mouths,  and  the  cavity  usually  opens  into  a  labyrinth  of 
chambers  connected  by  passages  through  the  cellular  tissue ;  these 
round  chambers  being  lined  with  ciliated  epithelial  cells.    This 

AUER.  NATURALIST,  VOL.  pC.  7 
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body  is  supported  by  a  basket-work  of  interlaced  needles  of  silica 
or  lime,  developed  in  the  inner  layer  of  cells  of  the  larva. 

Sach,  in  brief,  is  the  sponge.    Does  the  fact  that  in  the  sim- 
plest, immature  forms,  we  have  quite  a  regular  body-wall  and  a 
single  cavity,  compel  us  to  range  the  sponges  side  by  side  and  in 
he  same  natural  division  with  the  polypes  and  Jelly-fishes,  in  the 

Fig.  40. 
Fig.  88. 


m^Akiii.  »»iw„.M.     ».  t*^^  a^u^tA*  Hyalonema  boreale.     Nat. 

Tetiilllapolyura.  Alter  Schmidt.  Si^e;   with  part  of  stem 

enlarged.    After  Lovto. 

typical  forms  of  which  the  central  cavity  acts  as  a  true  stomach 
and  the  outlet  surrounded  with  tentacles  acts  as  a  mouth  ?  Metsch- 
nikoff  has  shown  that  it  would  seem  to  be  a  violation  of  the 
existing  principles  of  classification  to  place  together  animals  so 
unlike.  The  sponges  apparently  represent  a  class  lower  than,  but 
possibly  equivalent,  systematically,  to  the  polypes  and  jelly-flshes* 
Currents  of  water,  created  by  tiie  cilia  and  bearing  along  parti- 
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oles  of  food,  enter  through  the  system  of  months,  and  when  the  food 
is  absorbed  by  the  cells  of  the  inoer  lining,  they  pass  Out  through 
the  larger  openings.  Both  the  larger  and  smaller  ^^ mouths''  are 
capable  of  opening  and  closing.  « 

The  eggs  and  sperm  cells  are  scattered  at  irregular  intervals 
among  the  cells  composing  the  body-walls ;  the  spermatozoa  are 

Vig.80. 


Pheronema  Annts  and  Spicnlee.   After  L«idy. 

in  some  species  developed  in  ^'  mother"  cells,  as  in  many  of  the 
higher  animals. 

The  sponges  are  by  H«eckel  regarded  as  closely  allied  to  the 
Hydroid  polypes,  members  of  the  Ccelenterates,  a  division  formed 
by  Leuckart,  including  the  polypes  and  acalephs.  His  reasons 
ure  based  on  the  fact  that  tiie  sponges  are  made  up  of  two  layers 
of  cells  (ectoderm  and  entoderm,  or  outer  and  inner  layer)  sur- 
rounding a  central  cavity,  and  that  both  reproduce  by  eggs  and 
q)ermatozoa,  and  pass  through  a  ^^planula''  stage. 
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Fig.  48. 


liyaloDcma  with  parasitio  polypes, 
embedded  half  its  length  in  the 
mud.  After  Gray. 
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Gegenbanr  and  some  English  naturalists  have  endorsed  this 
view.     Hseckel  goes  so  far  as  to  state  that  the  only  character  ex- 
Fig.  4S. 


Fig.  44. 


Corbitella,  }  natnral  size.   Alter  Liitken. 


Toba    labyrinth iformU,  i  natural   size. 
ASUsr  Llltken. 

clading  the  sponges  from  the  Coelenterates  is  the  want  of  lasso 
cells,*  but  we  have  seen  that  the  true  Infusoria  possess  them. 

*  Elmer  claims  to  bave  fonnd  tme  lasso  cells  in  Beniera,  a  sponge  observed  by  him  at 
Capri;  but  Carter  attributes  their  presence  to  a  parasitic  polype  which  he  detected  in 
this  sponge.  Elmer  on  other  gronnds  claims  thnt  he  has  discovered  a  sponge  which 
affords  a  passage  into  the  Hydroids.  *'  In  an  Esperin/jn  another  stlicious  sponge  allied 
t>  MyxiUa,  and  in  a  homy  sponge,  the  snrfHce  is  studded  with  small  chitinous  tubes, 
which  are  external  prolongations  of  a  similar  investment  of  the  whole  channel-system, 
becoming,  however,  more  delicate  below,  and  finally  passing  into  a  sarcode-like  con- 
dition ;  each  of  these  tubes  is  inhabited  by  a  retractile,  sac-like  body,  provided  with 
ectoderm,  a  muscular  layer,  and  entoderm,  with  thread  cells,  and  with  6-13  long,  un- 
braaehed  tentacles,  with  cilia  and  thread  cells;  below,  they  pass  successively  into  the 
eommon  sponge-substance,  and  generally  lie  four  in  each  channel,  each,  however,  with 
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Bat  Metschnikoff  has  shown  that  there  is  no  true  homology  be-  ^ 
tween  the  sponges  and  Radiates. 

The  sponges  are  divided  into  (1)  the  MyxospongicBy  represented 
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DevdcpmerU.  Lieberkiilm  made  tiie  astonishing  discovery,  con- 
firmed by  H»ckel,  that  sponges  were  really  hermaphrodite  animals 
reproducing  by  eggs  and  sperm  cells  developed  Fif?.  46. 

in  the  same  individual  sponge.  Hseckel  showed 
that  th^y  were  probably  developed  from  the  inner 
(endodermal)  layer  of  cells  forming  the  body, 
being  simply  modifications  of  these  endodermal 
cells,  much  as  the  eggs  of  the  higher  animals  are 
modified  epithelial  cells.  Fig.  47,  from  Haeckel, 
shows  one  of  these  cells  (of  Sycartes  quadrangu- 
lata)  with  several  spermatozoa  mingling  their 
protoplasmic  contents  with  the  protoplasm  of  the 
egg  itself. 

Hie  endodermal  cell  transforms  into  an  egg, 
according  to  Haeckel,  in  the  following  manner,  g^^^^  ^^^^  ^ 
At  first  provided  with  a  "collar"  and  flagellum     SSSSJJSu* 3Pf te ? 
much  as  in  the  Ckxlosiga  figured  on  page  42,  it     sohmtdt. 
begins  to  draw  these  in  until  they  disappear ;  then  a  nucleus  (nu- 
deolinus)  appears  within  the  nucleolus  of  the  cell.    The  egg  soon 
becomes   detached  from  the  body  wall,  and  Fig.  47. 

moves  about,  sometimes  penetrating  into  the 
exoderm,  or  ^'emigrating,  in  the  oviparous 
species,  from  the  ^  stomach '  to  be  fecundated 
abroad." 

"The  spermatozoa  are  apparently  devel- 
oped through  repeated  divisions  of  modified 
endodermal  cells;  the  ^head'  is  formed  by 
the  ^nucleus,'  the  tail  by  the  protoplasm 
of  the  minute  sperm-cells." 

After  fecundation  of  the  egg,  it  begins  to  ''"ciS^'^thTaS^f^SpSSS^ 
undergo    self-division,    splitting   into    two,    -^^^f  J*»<^*^«*- 
four,  eight,  sixteen,  etc.,  nucleolinated  cells  (Fig  48,  total  seg- 
Fig.  48.  mentation  of  eggs  of  Halisarca), 

^/^^^^^P^       '  ^^®  process  being  exactly  as  in 

the  eggs  of  nearly  all  the  higher 
animals    including    man.     This 
stage  of  segmentation,  like  the 
mulberry  mass  of  the  egg  after 
Segmfliitatioii  of  egg  of  sponge.        segmentation  in  the  higher  ani- 
mals, Heeckel  terms  the  Morula  stage  (from  its  likeness  to  the  mul- 
berry, Moras;   see  Fig.  48,  after  Carter).    The   cells  of  the 
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a  afterwards  become  separated  into  two  kinds,  a  few  re- 
Qg  round,  the  majority  becoming  long  and  prismatic,  and 
led  each  with  a  cilium  (flagellum),  by  means  of  which  it 
\  about  and  looks  like  a  '^planula"  or  larval  jelly-fisli. 
stage  Hseckel  consequently  calls  the  ^^Planula*'  stage, 
next  step  is  the  formation  of  a  ^'  stomach"  or  internal 
in  the  body  of  the  ciliated  larva.  This  stage  Hseckel  calls 
trula."  Fig.  49,  from  Hseckel,  represents  the  gastrula  of 
Imis  echinitSy  as  seen  in  optical  section,  the  outer  layer  (ec- 

Flg.48. 


Laira  of  a  Sponge. 

n)  being  composed  of  long  prismatic,  nucleated  cells  (ex) 
led  with  a  lash,  while  the  cells  {en)  of  the  lining  (endoderm) 
3  cavity  are  much  larger  and  rounder.^  After  swimming 
for  a  time  it  becomes  fixed  by  the  end  of  the  body  to  some 
,  the  cavity  finally  opening  out  by  a  mouth.  The  external 
low  disappear,  and  others  become  developed  in  the  cells  lin- 
e  interior  of  the  cavity.''    Afterwards  the  tnie  sponge  char- 

»chnikoff  shows  ttiat  this  <* entoderm"  ie  really  an  inraginated  portion  of 

*8**eotoderm." 

eohnlkoir  obserred  on  the  oontrarj  that  the  ciliated  external  cells  are  with 

a  the  process  of  growth  and  Une  the  carltj. 
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acier  of  the  organism  is  revealed.  The  body-wall  becomes  per- 
forated with  pores,  which  open  into  the  general  cavity  of  the  body, 
while  corrents  of  water  are  maintained  by  means  of  the  cilia,  and 
flow  out  throagh  the  so-called  mouth.  This  is  the  "Proto- 
spongia  "  state,  and  when  spicules  of  sllex  or  lime  are  developed 
to  strengthen  the  walls  of  the  body,  the  young  sponge  is  termed 
by  Haeckel,  the  "  Olynthus." 

Thus  following  the  course  of  development  as  Hseckel  supposed 
to  be  the  case  with  the  calcareous  sponges,  for  he,  as  MetschnikofT 
remarks,  did  not  actually  observe  the  stages  after  the  formation 
of  th^  ciliated  larva  we  obtain  a  verj^  clear  idea  of  the  typi- 
cal structure  of  the  sponge.  I  cannot  do  better  than  employ  the 
condensed  account  of  the  discoveries  of  Heeckel  given  by  Dr. 
Llitken  in  the  "Zoological  Record"  for  1872,  with  a  few  correc- 
tions taken  fix)m  MetschnikoflTs  paper.  The  Olynthus,  the  sim- 
plest type  of  the  sponge,  is  a  "  cylindrical,  clavate  or  pyriform, 
etc.,  tube,  closed  at  the  extremity  by  which  it  is  afllxed,  commonly 
open  by  a  < mouth'  at  the  other;  the  body- wall,  enclosing  the 
•gastric'  cavity,  is  a  thin  membrane  composed  of  the  two  layers 
named  above — the  ^syncytium'  or  exoderm  [Metschnikoff's  inner 
layer]  a  mass  of  sarcodine  with  nuclei,  the  cells  of  which  are  so 
completely  fused  together  that  the  original  cellular  structure 
cannot  be  made  visible  through  any  chemical  reaction;  if  torn 
mechanically,  the  fragments  will,  whether  containing  one  or  more 
or  no  nuclei,  take  the  shape  of  Amoabse  and  walk  about.  In  this 
layer  ^  the  spicula  are  developed,  chiefly  of  three  types — simple, 
d-radiate  and  4-radiate,  anchor-shaped  spicula  are  rare  {Sycutmis 
synapta^  anchoring  the  animal  in  the  mud  bottom) ;  the  stellate 
spicula  sometimes  occurring  are  foreign  bodies,  belonging  origin- 
ally to  Didemnia  (Ascidise).  The  spicula  are  invested  with  a 
delicate  sheath  of  condensed  sarcodine;  they  contain  an  axial 
filament,  and  are  composed  of  concentric  layers,  like  the  sili- 
cions  spicula ;  chemically  they  are  composed  partly  of  Cos,  CaO, 
partly  of  an  organic  substance  ('spiculin').  The  endodermal 
cells  are,  like  certain  flagellate  Infhsoria,  provided  with  a  collar 
and  flagellum;  they  contain  a  ^nucleus'  (with  •nucleolus'), 
and  often  one  or  two  contractile  'vacuola'  (water  drops); 
though  without  •mouth,'  they  both  •drink'  and  •eat,'  or  receive 

•MetMbnikoff  ihows  that  the  tpicnlea  reaUjr  ariie  from  the  Inner  layer. 
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into  their  interior,  not  only  fluid,  but  also  minutely  diffused  solid 
matter  (e.  g.^  carmine),  probably  through  the  soft  exoplasm  be- 
tween the  collar  and  flagellum.  Liberated  artificially,  they  also 
assume  amoeboid  shapes  and  motions.  On  the  endodermal  cells 
devolve  the  whole  of  the  nutritive  (digestive,  respiratory  and 
secretory)  functions ;  and  there  can  be  little  doubt  that  both  eggs 
and  spermatozoa  are  modified  endodermal  cells." 

Hseckel  did  not  observe  the  development  of  the  larva,  his  gas- 
trula,  into  the  young  sponge.  This  gap  has  been  filled  by  Metsch- 
nikoff.  He  observed  the  course  of  development  in  Sycon  ciHaium, 
(Fig.  50)  from  the  segmentation  of  the  yolk,  through  the  larval 
state,  up  to  the  time  when  the  sponge  is  fixed  and  the  spicules  are 

Fig.  «. 


Sycon  oOiatam. 

well  developed ;  in  fact,  through  nearly  every  important  stage  in  its 
life.  By  making  a  section  through  the  sponge  he  found  eggs  and 
embryos  in  different  stages  of  development  in  springtime.  The 
total  segmentation  occurred  as  Haeckel  describes.  Metschnikoff, 
however,  observed  that  a  small  *^ segmentation-cavity"  appeared 
in  the  egg  (Fig.  50,  A,  c)  which  soon  disappeared  (Fig.  50,  B). 
As  a  result  of  the  process  of  division,  a  roundish  embryo  appears, 
which  is  made  up  of  a  large  number  of  small  cells.  He  was  un- 
able to  study  the  mode  of  origin  of  the  germ-layers.  The  free- 
swimming  larva  (Fig.  50,  C)  is  an  oval  body,  made  up  of  two 
sorts  of  cells :  those  which  are  small,  long  and  ciliated,  and  cer- 
tain large  round  ones,  much  fewer  in  number.    The  first  form  a 


Digitized  by  VjOOQIC 


LIHB  HISTORIES  OW  THE  SPOKGXS.  107 

sort  of  arch,  with  a  hollow  in  the  middle,  sarroanding  which  a 
large  nnmber  of  very  fine  brown  pigment  corpuscles  are  collected. 
The  next  change  of  importance  is  the  disappearance  of  the  cavity, 
the  upper  or  ciliated  half  of  the  body  being  much  reduced  in  size. 
Then  the  large  round  cells  of  the  hinder  part  are  united  into  a  com- 
pact mass,  leaving  only  a  single  row.  The  ciliated  cells  are  gradu- 
ally withdrawn  into  the  body  cavity.  Fig.  50,  D,  shows  this  process 
going  on.  At  this  period  also  the  larva  becomes  sessile,  and  now 
begins  the  formation  of  the  sponge  spicules,  which  develop  fh>m 
the  non-ciliated  round  cells.  Metschnikoff  calls  attention  to  the 
fact  that  at  this  early  stage  the  Sycon  passes  through  a  phase 
which  is  persistent  in  the  genus  Sycyssa.  The  layer  of  ciliated 
cells  are  gradually  withdrawn  into  the  body  cavity,  until  a  small 
opening  is  left,  surrounded  with  a  circle  of  cilia.  These  cilia 
finally  disappear,  and  a  few  more  spicules  grow  out,  and  meanwhile 
the  opening  disappears.  In  the  next  stage  (represented  at  D)  a 
considerable  (gastrovascular)  cavity  appears,  which  may  be  seen 
through  the  body-walls.  At  this  time,  by  soaking  the  specimen 
in  acetic  acid,  the  body  of  the  sponge  was  seen  to  consist  of" 
two  layers,  the  inner  layer  of  ciliated  cells  forming  a  closed  sac, 
enveloped  in  the  spicule-generating  layer  (representing  the  ento- 
derm). At  this  time  no  mouth-opening  was  formed,  though  three- 
pointed  spicules  had  appeared. 

It  results  from  MetschnikofTs  observations  that  the  body  of  the 
larval  sponge  is  composed  of  two  primary  germ-layers,  an  '^  ento- 
derm'*  and  '^ectoderm,"  the  two  germ  layers  about  which  we  shall 
hear  much  more  hereafter. 

The  observations  of  Carter,  made  on  several  additional  species 
both  of  silicious  and  calcareous  sponges,  confirm  the  results  of 
Metschnikoff  as  to  the  later  history  of  the  larval  sponge,  and  those 
of  Hfieckel  as  to  the  mode  of  segmentation  of  the  egg.  Our  Fig. 
48,  A  (copied  from  Carter),  shows  the  total  segmentation  of  the 
yolk  in  Haliawrca  lobularis  into  two  portions ;  these  portions  farther 
subdivide,  as  at  Fig.  48,  B,  until  an  immense  number  of  small 
embryonic  cells  are  produced. 

Carter  observes  that  the  embryos  may  be  found  at  all  seasons, 
from  March  through  the  summer.  These  observations  are  not  dif- 
ficult to  follow  out.  We  have,  by  tearing  apart  a  species  of  Sy- 
oandra  (or  Sycon)  perhaps  S,  eUuUa^  which  grows  on  a  Ptilota, 
found  the  planula  much  as  figured  by  Hseckel,  Metschnikoff  and 
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3r,  and  any  one  can  with  patience  and  care  obsen^e  the  life 
ry  of  the  marine  sponges. 

seems,  then,  that  the  life  history  of  the  sponges  consists  of 
ollowing  stages : — 

Fertilization  of  a  true  egg  by  genaine  spermatozoa;  both 
and  sperm  cells  arising  fVom  the  inner  germ-layer. 
Total  segmentation  of  the  yolk,  or  protoplasmic  contents  of 

gg- 

A  ciliated  embryo. 

A  free  swimming  "planula'Mike  larva,  with  two  germ-layers, 
however,  originating  as  in  the  true  planula  of  the  acalephs. 
planula  becomes  sessile,  spicules  are  developed  in  the  hinder 
of  the  body,  afterwards  a  gastro-vascular  cavity  appears, 
tituting  the 
Gastrula  stage. 

A  mouth  and  side  openings  appear  and  the  true  sponge  char- 
's are  assumed. 
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^E  Spiders  of  France.^ — Mr.  E.  Simon  has  Just  published 
Srst  part  of  a  monograph  of  the  Arachnida  of  France,  forming 
>ctavo  volume  of  two  hundred  and  seventy  pages,  with  three 
Bs.  Beginning  with  the  Aranese  he  describes  the  Epeiridse, 
joridae,  Dictynidee,  Enyoidee  and  Pholcidse.  This  arrange- 
t  is  not  meant  for  a  natural  one,  but  has  been  adopted  because 
work  on  these  families  was  first  finished  by  the  author.  The 
[>duction  is  promised  in  a  Aiture  part,  but  the  present  volume 
US  with  a  short  review  of  the  principal  descriptive  works  on 

)8  Araohnldes  de  France.    Par  £.  Simon,  Tome  1,  Paris,  1874,  with  3  plates  8yo. 

ro. 
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Earopean  spiders,  a  list  of  definitions  of  terms  ased  in  descrip- 
tions and  some  general  remarks  on  classification.  The  arrange- 
ment of  families  adopted  by  Simon  is  the  following. 

1st  saboixicr.  Araneee  oculatae;  Attidse;  Lycosidse;  Oxyo- 

pidse. 
2ud  suborder.   Aranese  verse ;  Sparassidse  ;  Thonusidae ;  Pal- 
pimanidsB ;    Eresidfle ;   Epeiridae  ;   Ulobaridfle ;  Therididse ; 
PholcidflB;   Hersilidae;  Urocteidae;  Eryoidae;  Agelenidse; 
Dictynidee;   Drassidse. 
8rd  suborder.   Aranese  graphosae;   Scytodidae;   Dysderidae; 
4th  suborder.   Araneae  theraphosas;   Filistatidae ;  Avicnlar- 
idae. 
The  first  suborder  is  founded  on  the  great  development  of  the 
head  and  front  legs  in  the  Attidae,  the  third  is  the  Senoculinae 
of  Blackwall,  the  fourth  the  Theraphores  of  Walckenaer,  and  the 
second  comprises  all  the  other  families. 

For  convenience  in  identification,  tables  are  given  of  the  most 
prominent  characters  of  the  genera  of  each  family  and  the  species 
of  each  genus. 

The  plates  give  a  figure  of  one  spider  ft-om  each  genus  in  the 
Epeiridae,  Ulobaridae,  and  Dictynidae,  and  a  few  enlarged  figures  of 
feet,  palpi  and  copulatory  organs. 

The  second  part  containing  the  Urocteidae,  Agelenidae,  Tho- 
misidae  and  Sparassidaa,  is  to  be  published  next  April.  The  work 
will  be  quite  useful  to  students  in  this  country. — J.  H.  E. 

Wheeler's  Survey  op  the  Terrtiories.^ — Judging  by  the 
present  report,  a  good  deal  of  geological  and  biological  work  has 
been  accomplished  in  connection  with  the  regular  topographical 
work  of  the  survey.  Three  parties  were  in  the  field,  and  explored 
portions  of  Utah,  Arizona,  Colorado  and  New  Mexico.  Consider- 
able geological  work  was  done,  while  Dr.  J.  T.  Rothrock  and  assist- 
ant John  Wolfe  collected  nearly  12,000  specimens  of  plants,  repre- 
senting over  1,100  species.  A  goodly  number  of  animals  were 
collected,  and  have  been  distributed  to  specialists.  The  report  is 
accompanied  by  a  number  of  descriptions  of  fossil  vertebrates 
fh)m  New  Mexico  by  Prof,  Cope. 

>  ADnaal  Report  upon  the  Geographical  Explorations  and  Surreys  west  of  tlie  lOOtli 
Mendian  in  Callfonutt,  Nerada,  Utub,  Arizona,  Colorado,  New  Mexico,  Wyoming  and 
MonUna.    Bj  G.  M.  Wheeler,  U.  S.  Engineer.    Washington,  1874.   8to,  pp.  180,  with 
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[BRT0L06T  OP  THE  PiLL-BUGS. — An  •ddition  of  mnch  value  to 
mowledge  of  the  mode  of  growth  of  Crustacea  is  afforded  by 
ssian  embryologist,  Dr.  Bobretzky  in  Siebold  and  KoUiker's 
tschrifb."  He  figures  the  early  stages  of  the  pill-bug,  or  Onia^ 
lurariua^  of  Europe. 

[E  Entohostraca.— An  extended  and  beautiftiUy  illustrated 
oir  by  Prof.  A.  Weissmann,  on  the  structure  of  Leptodora  hy- 
,  a  little  European  Entomostracan,  or  water-flea,  appears  in 
Gist  number  received  of  Siebold  and  Eolliker's  ^^Zeitschrift." 

BOTANY. 

New  Material  for  Paper. — Ck)nsiderable  attention  has  re- 
y  been  called  in  England  to  the  capabilities  of  the  Zizania 
tica  as  a  material  for  paper.  This  grass  grows  in  large  quan- 
in  swamps  on  the  Canadian  shores  of  Lakes  Ontario  and 
and  is  known  to  the  native  Indians  under  the  name  of  ^^Tus- 
a,"  the  grains  affording  an  article  of  diet  which  is  both  highly 
tious  and  palatable,  and  furnishing  food  to  enormous  flocks  of 
swans.  The  culm  grows  to  the  height  of  eight  or  ten  feet, 
s  of  great  strength  and  tenacity.  It  is  said  to  possess  all  the 
qualities  of  the  "  esparto  *'  ^om  the  shores  of  the  Mediter- 
iu,  now  so  largely  used  for  paper  makmg  in  England,  and 
es,  to  contain  less  silex,  to  require  fewer  chemicals  for  its 
[cation,  and  to  make  a  paper  which  takes  printers'  ink  with 
rcr  sharpness.  The  great  obstacle  to  its  exportation  is  the 
Y  freight  in  consequence  of  its  great  bulk ;  but  there  is  little 
t  that  if  it  could  be  at  least  partially  prepared  on  this  side 
rater,  it  might  become  an  important  article  of  commerce.  It 
Etted  that  a  company  has  been  formed  for  the  purpose  of  ob- 
Dg  a  concession  of  the  land  from  the  Canadian  government, 
grass  is  nearly  allied  to  the  rice  belonging  to  the  tiibe 
ece.  —  A.  W.  B. 

[E  Movement  of  Water  in  Plants.  —  Dr.  W.  R.  McNab 
ublin  has  performed  a  f^esh  series  of  experiments  on  the 
of  motion  of  the  sap  in  plants,  and  the  transpiration  of 
p  from  the  leaves.  The  plants  selected  were  the  cherry- 
1  {Frunua  laurocerceui)^  elm  and  privet;  and  the  results 
ned  were  as   follows:    1.  That   under  favorable   circum- 


Digitized  by  VjOOQIC 


'irr 


BOTANY.  Ill 

stances,  a  rate  of  ascent  of  40  inches  per  hour  can  be  obtained. 
2.  Tliat,  contrary  to  the  generally  received  opinion,  direct  exper- 
iment has  shown  that  the  upward  rapid  current  of  water  does  not 
cease  in  the  eyening.  3.  That  checking  the  transpiration  for  a 
short  time  by  placing  the  branch  in  darkness  does  not  materially 
impede  the  rapid  current  of  water.  4.  That  the  removal  of  the 
cortical  tissues  does  not  impede  the  rapid  current  in  the  stem, 
which  moves  only  through  the  woody  (xyleus)  portion  of  the  fibro- 
vascular  bundles.  5.  That  a  well-marked  rapid  flow  of  fluid  will 
take  place  in  a  stem  after  the  removal  of  the  leaves.  6.  That 
fluid  will  fapidly  flow  downward^  as  well  as  upwards  in  the  wood 
(xyleus)  portion  of  the  fibro-vascular  bundles,  as  seen  in  a  branch 
in  which  lithium  citrate  was  applied  at  the  top.  7.  That  pres- 
sure of  mercury  do^s  not  exert  any  very  marked  influence  on  the 
rapidity  of  flow,  in  the  one  experiment  made  with  a  pressure  of 
110-53  grammes  of  mercury.  —  A«  W.  B. 

The  Bbsubrection  Fbbn.  —  Folypodium  incanium^  the  com- 
monest of  all  the  ferns  of  Florida,  is  often  called  the  resurrection 
fern.  It  grows  mostly  upon  the  trunks  and  branches  of  the  oaks, 
and  I  have  seen  the  roofs  of  old  buildings  covered  with  it* 
During  dry  weather  it  shrivels  up,  and  has  the  appearance  of 
being  dead.  While  in  this  condition  I  secured  some,  wrapped 
them  up  in  paper,  and  sent  them  in  April  last  to  Cambridge.  On 
my  return  to  that  place  in  September  last,  the  plants,  after  having 
moist  moss  placed  about  their  roots,  were  secured  to  blocks  of 
oak  wood  hung  up  in  the  greenhouse  of  the  Botanic  Garden. 
The  leaves  unfolded  and  assumed  a  bright  green  color.  They 
now  appear  to  be  in  a  healthy  condition.  —  E.  Palmer. 

The  True  Process  of  Respiration  in  Plants.  —  M.  Claude 
Bernard  pointed  out  long  ago  that  the  process  ordinarily  described 
as  that  of  respiration  in  vegetables,  the  decomposition  of  the  CO^ 
of  the  atmosphere,  is  not  properly  of  this  nature  at  all,  but  is 
rather  a  process  of  digestion;  the  true  process  of  respiration 
being  of  a  precisely  similar  character  in  the  animal  and  vegetable 
kingdoms,  vi;?.,  an  oxidation  of  the  carbonaceous  matters  of  the 
tissues.  M.  Corenwinder  of  *Lille  in  France,  has  recently  con- 
firmed this  view  from  a  series  of  observations  on  the  maple  and 
lilac,  proving  that  true  respiration  is  always  going  on  in  a  plant, 
even  when  concealed  by  the  greater  activity  of  the  decomposition 
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of  the  CO]  by  the  parts  containing  chlorophyll.  He  distinguishes 
two  periods  in  the  vegetative  season  of  the  plant:  —  the  first 
period,  when  nitrogenous  constituents  predominate,  is  that  during 
which  vegetation  is  most  active ;  the  second,  when  the  proportion 
of  carbonaceous  substance  is  relatively  larger,  is  the  period  when 
respiration  is  comparatively  feeble,  the  CO2  evolved  being  again 
almost  entirely  taken  up  by  the  chlorophyll,  decomposed,  and  the 
carbon  fixed  in  the  process  of  assimilation  or  digestion.  He 
found  that  the  proportion  of  nitrogenous  matter  in  leaves  grad- 
ually diminishes,  while  that  of  carbonaceous  matter  increases, 
between  autumn  and  spring.  —  A.  W.  B, 

Mabtenia  proboscides. — This  is  a  very  common  plant  in  Ari- 
zona and  is  very  productive.  Its  large  seed  pods  after  being  de- 
prived of  their  epidermis  are  used  by  all  the  Indian  tribes  of  Ar- 
izona to  ornament  their  willow  baskets.  The  method  resoited  to 
is  first  to  soften  by  means  of  water  the  black  pods  which  are  very 
hard.  They  readily  soften,  and  are  then  straightened,  split  into 
the  requisite  strips  and  worked  into  willow  baskets  to  form  the 
black  ornamentations  seen  in  those  made  by  all  the  tribes  of  Ari- 
zona.— Edward  Palmer. 

ZOOLOGY. 

An  Additional  Character  for  the  Definition  of  Rhtn- 
CHOFHORous  CoLEOPTERA.  ^  —  On  two  former  occasions  I  have 
invited  the  attention  of  my  colleagues  of  the  Academy  to  the  re- 
lations which  the  Rhynchophorous  Coleoptera  bear  to  the  other 
divisions  of  that  order  of  insects.  In  the  first  of  these  I  endeav- 
ored to  show  that  they  formed  a  group  which  was  equivalent  to  all 
the  others  combined.  The  defining  character  of  the  group  I 
stated  to  be,  that  the  posterior  lateral  elements  (the  prothoracic 
epimera),  of  the  under  surface  of.  the  prothorax,  coalesced  on  the 
median  line,  in  such  a  manner  as  to  form  a  longitudinal  suture  be- 
hind the  end  of  the  prostemum  ;  in  all  other  Coleoptera  ^  the  pro- 
sternum  ends  in  a  vacant  space,  or  extends  so  as  to  take  part  in 
the  articulation  between  the  pro-  and  metathoracic  segments.  In 
the  second  memoir  I  attempted  a  sketch  of  the  manner  in  which 
the  group  might  be  naturally  divided  into  series  and  families 

1  Head  before  tbe  National  Academy  of  Sciences,  aC  Plilladelphia,>oy.  6, 1874. 
"Except  in  Coseyphus  and  a  few  ColydildfB. 
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During  the  progress  of  the  investigations  which  will  terminate  in 
the  classification,  according  to  the  scheme  there  proposed,  of 
the  genera  and  species  by  which  the  Rhynchophora  are  repre- 
senteil  in  our  fauna,  I  have  been  led  to  observe  an  additional  char- 
acter serving  to  define  this  great  and  important  complex  of  genera. 
This  character  strengthens  greatly  the  opinion  I  first  announced 
concerning  its  systematic  value,  as  an  equal  of  all  the  other  Cole- 
op  tera  combined. 

On  separating  the  head  of  a  Rhynchophore,  it  is  seen  that  the 
cranium  (I  use  this  word  for  want  of  a  better  term)  is  globose, 
and  always  presents  a  distinct  trace  of  a  median  suture  on  the 
under  surface,  corresponding  with  the  gular  sutures  of  other  Cole- 
optera.  In  the  latter,  however,  these  sutures  diverge  either  be- 
fore or  behind,  and  rarely  (Silphidce  and  Staphylinidae),  approxi- 
mate at  the  middle  of  their  course.  Whether  the  dififerences  in 
direction  of  these  sutures  may  or  may  not,  when  carefUlly  studied, 
give  indications  for  the  definition  of  the  series  into  which  the  nor- 
mal Coleoptera  are  now  divided  upon  other  characters,  I  cannot 
now  say.  But  this  much  I  can  assert  positively,  that  in  no  other 
but  the  Rhj^nchophora,  do  the  lateral  elements  of  the  under  sur- 
face of  the  head  coalesce  on  the  median  line,  so  as  to  form  a 
straight  longitudinal  suture  extending  to  the  posterior  limit  of  the 
chitinous  part  of  the  head. 

In  most  of  the  Coleoptera  the  gular  sutures  diverge  behind,  and 
even  when  they  are  obsolete,  their  posterior  termination  is  indi- 
cated by  a  nick  or  irregularity  in  the  outline  of  the  infero-poste- 
rior  margin  of  the  cranium.  In  the  Ptinidae  and  Bostrichidae,  by 
a  remarkable  exception,  the  sutures,  though  distant  in  front,  con- 
verge behind. 

It  will  not  be  in  my  power,  for  some  time  to  come,  to  follow 
this  train  of  investigation  to  its  limits,  and  I  now  make  known 
these  imperfect  observations  in  the  hope  of  inducing  observers, 
who  are  less  burdened  with  a  great  mass  of  material  urgently 
pressing  for  classification,  to  give  some  attention  to  the  valuable 
characters  here  indicated.  —  J.  L.  LeContb,  M.  D. 

NoTB  ON  Tblba  PoLTPHEBius. — My  uote  on  the  synonymy  of 
this  species  on  page  753  of  Vol.  viii,  of  the  American  Natural- 
ist, was  printed  without  proof  having  been  sent  to  me.  In  the 
second  paragraph,  line  six,  '*this  Bombycid"  should  read  **the 

AHRR.  NATURALIST,  VOL.  DC  8 
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Bombyces."  No  species  of  Attaci  have  yet  been  discovered  in 
Cuba ;  the  very  extensive  collections  of  Lepidoptera  made  in  that 
Island  by  Professor  Poey  and  Dr.  Giindlach  having  been  exam- 
ined by  me  (see  Grote,  on  the  Bombycidae  of  Cuba,  Proc.  Am. 
Ent.  Soc.  Phil.,  5).  As  stated,  Linn6  has  no  species  under  the 
name  Polyphemus  in  his  10th  or  12th  Editions,  or  in  the  Mus. 
Lud.  Ulr.,  but  I  find  that  in  .the  13th  Edition,  p.  2402,  No.  461, 
he  cites  a  species  under  that  name.  Linn6  gives  references  to 
Fabricius  and  to  Cramer  and  undoubtedly  intends  our  species. 
He  says :  "  Habitat  in  America  horeaXi^  Jamaica,'*  The  preceding 
species  is  his  Paphia,  of  which  he  says:  ^'Habitat  in  Asia,**  and 
there  is  no  reference,  doubtful  or  otherwise,  to  Catesby.  So  that 
I  repeat  my  former  conclusion  that  there  can  be  no  reasonable 
doubt  that  Linn6's  Papkia  is  a  distinct  species  ftrom  our  Polyphe- 
mus, and  that  we  are  not  justified  in  surrendering  the  latter  name. 
I  have  recently  given  the  synonymy  of  the  North  American  forms 
of  the  group  {Attaci)  to  which  Polyphemus  belongs  in  the  Trans- 
actions of  the  American  Philosophical  Society. —  A.  R.  Grote. 

Notes  on  Californian  Thrushes. — The  recent  appearance  of 
the  excellent  work  by  Baird,  Brewer  and  Ridgway,  on  the  ''  His- 
tory of  North  American  Birds,"  makes  it  necessary  for  me  to  ex- 
plain some  discrepancies  between  my  statements  in  the  *' Orni- 
thology of  California"  and  the  views  taken  by  them  in  relation  to 
the  two  common  brown  thrushes  of  California. 

1 .  A  reference  to  Baird's  report,  in  Vol.  IX,  P.R.R.  series,  will 
show  that  the  specimens  collected  on  those  expeditions  led  him  to 
believe  that  T.  ustulatus  was  limited  to  the  "Coast  region  of 
Washington  Territory  and  Oregon,"  while  the  T,  nanus  was  con- 
fined to  the  "Pacific  Slope,  from  Ft.  Bridger  and  Ft.  Crook  (about 
lat.  41°)  to  the  valley  of  the  Gila  and  Cape  St.  Lucas.i  In  the  Or- 
nitholog}'^  of  California  I  merely  extended  the  range  of  ustulatus 
to  "  San  Francisco  in  winter,"  having  observed  it  there  (as  I  sup- 
posed) while  in  the  Colorado  valley,  and  at  San  Diego  I  only 
found  nanus  at  that  season.  Relying  too  much  on  the  authority 
of  the  Pacific  Railroad  Report,  I  assumed  that  ustulatus  was  a 
northern  form  only,  and  nanus  a  southern  and  consequently 
dwarfed  race  (without  reference  to  their  eastern  allies).    I  may 

"Townsend  however  obtained  the  type  without  doubt  at  Columbia  River. 


Digitized  by  VjOOQIC 


ZOOLOGY.  115 

remark,  that  in  the  woods  it  is  impossible  to  distinguish  between 
them  at  the  distance  such  shy  birds  usually  keep  from  the  ob- 
server. 

2.  At  the  time  I  wrote  the  Ornithology  of  California,  I  had 
collected  only  nanus  in  winter,  and  with  the  above  mentioned  im- 
pressions, too  hastily  concluded  that  they  remained  in  the  state 
all  summer,  while  the  ustulat^is  retired  to  more  northern  regions. 
Afterwards  when  collecting  the  nests  and  eggs  assigned  to  iianus^ 
it  was  inconvenient,  and  seemed  unnecessary  to  preserve  the  birds 
also.  I  will  admit  therefore,  that  I  may  have  described  those  of 
ustulatus  as  belonging  to  nanus. 

3.  That  there  is  still  reason  to  believe  that  nanus  does  not 
always  build  on  the  ground  is  shown  by  the  note  in  Vol.  Ill, 
Hist.  N.  A.  Birds,  p.  499,  describing  the  nest  of  **  var.  A^iduboniV* 
on  a  tree,  and  in  a  region  remarkable  for  dryness.^ 

4.  The  statement  on  page  just  quoted,  that  "Dr.  Cooper  has 
sent  to  the  Smithsonian  Institution  skins  of  his  T.  nanus  and  they 
prove  to  be  T.  ustulatus^**  is  not  quite  correct.  I  sent  one  skin 
from  near  San  Buenaventura  with  notes  showing  its  differences 
from  T.  nanv^  (which  I  also  obtained  there),  and  my  uncertainty 
as  to  what  to  call  it.  Prof.  Baird  wrote  that  it  was  T.  ustulatus, 
although  I  had  supposed,  from  its  very  olivaceous  hue,  that  It 
might  be  Audubonii,  1  had  not  considered  it  nanus,  and  it  was 
so  much  less  brown  than  the  ustulatus  I  obtained  in  Washington 
Territory  that  I  did  not  suppose  it  the  same.  It  must  be  consid- 
ered a  link  between  them  and  the  var.*  Swainsonii. 

5.  The  facts  now  stand  exactly  in  reverse  of  the  range  given 
in  the  Report  on  Birds  in  the  Pacific  Railroad  Survey.  Thus 
ustxdatus  is  the  summer  species  of  California  as  well  as  northward 
breeding  from  Alaska  south  to  lat.  35°,  near  the  coast  and  in  low 
grounds.  Nanus  is  the  wmfer..  species  of  California,  retiring  north 
and  perhaps  to  the  high  mountains  in  summer,  while  in  winter  it 
only  reaches  Cape  St.  Lucas,  ustulatus  going  entirely  south  of  the 
United  States,  and  as  far  as  Guatemala. 

6.  In  southern  Californian  specimens  there  is  not  so  marked  a 
difference  between  the  color  of  the  tail  and  back  in  ustulatus  and 
nanus  as  to  distinguish  them  strongly  without  comparison,  nor 


s  Audubon  and  Wilson  also  described  tl^e  nest  and  eggs  of  yar.  SwtHnMonii  much  as 
I  did  those  of  Tar.  nanus. 
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can  I  give  any  differences  in  song,  unless  I  suppose  tiiat  namis  is 
quite  silent  while  with  us,  and  that  all  my  notes  on  songs  belong 
only  to  ustulatus.  They  are  easily  distinguishable  by  measure- 
ments. 

7.  Admitting  the  determinations  of  the  authors  quoted,  the 
law  of  priority  requires  us  to  call  the  species  T.  ustulatus  and 
var.  Swainsoniiy  also  T,  nanus  and  vars.  Pcdlasii  and  Audubonii. 
It  is  however  a  question  not  decided  by  them,  whether  the  two 
species  of  Peru  are  identical  with  those  of  North  America.  If 
found  south  of  the  equator,  they  must  be  supposed  to  migrate 
toward  the  south  pole,  if  at  all,  and  there  may  even  be  two  or 
three  races  of  each  in  South  America,  corresponding  to^  longitud- 
inal differences  in  climate.  Though  quoting  Fauna  Peruana  they 
do  not  give  localities  for  ours  south  of  the  equator.  Do  T.  min- 
imxis  Lafr.  and  T.  guttatus  Cab.  cover  the  Peruvian  species?  or 
is  any  similar  species  found  there? — J.  6.  Cooper. 

Ascending  Process  of  the  Astragalus  in  Birds. ^  —  Mr. 
Morse  first  described  the  ascending  process  of  the  astragalus  in 
birds,  as  seen  in  the  hen.  The  astragalus  in  birds  coossifies  early 
with  the  end  of  the  tibia,  and  this  process,  as  it  has  been  called, 
ascends  as  a  spur  from  the  upper  side  of  the  astragalus  in  front 
of  the  tibia.  In  certain  extinct  reptiles,  like  Hypsllophodon,  Lse- 
laps,  and  others,  the  ascending  process  of  the  astragalus  shows  it- 
self as  an  avian  character. 

A  few  years  ago  Prof.  Wyman  discovered  that  this  process  had 
an  independent  centre  of  ossification,  and  therefore  could  not  be 
a  process  of  the  bone.  Mr.  Morse  had  interpreted  this  bone  as 
the  intermedium  of  Gegenbaur.  The  intermedium  is  a  tarsal  bone, 
occupying  a  position  between  the  astragalus  and  calcaneum.  In 
the  Saurians,  turtles,  and  other  reptiles  this  bone  is  well  seen. 
In  certain  amphibians  as  in  the  salamanders,  the  bone  is  long, 
wedge-shaped,  and  partially  projects  between  the  tibia  and  fibula. 

Mr.  Morse  has  expressed  his  belief  that  the  ascending  process 
of  the  astragalus  represented  the  intermedium  of  reptiles.  He 
had  published  in  the  "  Annals  of  the  New  York  Lyceum  of  Natural 
History"  a  theoretic  figure  of  the  proper  position  of  this  bone  in 
birds,  comparing  it  with  the  intermedium  of  certain  salamanders. 

1  Abstract  of  a  paper  read  at  the  Hartford  meeting  of  the  American  Association  for 
the  Advancement  of  Scieace,  by  Edwai'd  S.  Morse. 
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He  explained  its  position  in  front  of  the  tibia  as  a  supposed 
process  of  the  astragalus,  by  calling  attention  to  the  excessive 
tendency  to  anchylosis  in  birds.  The  widening  of  the  tibia  to 
include  all  the  tarsals  within  its  width  necessarily  brings  the  in- 
termedium in  front  of  the  tibia,  and,  as  it  early  unites  with  the 
astragalds,  has  naturally  been  mistaken. 

Mr.  Morse  had  been  able  to  confirm  his  opinion  regarding  the 
nature  of  this  bone  in  studying  the  embryos  of  the  common  tern  at 
Penikese  Island.  In  the  embryo  bird  the  intermedium  appeared 
as  a  long  oval  bone  between  the  astragalus  and  calcaneum,  passing 
up  between  the  tibia  and  fibula  as  seen  in  the  lower  reptiles. 

In  this  connection  it  is  interesting  to  observe  that  in  the  mam- 
malia the  intermedium  does  not  occur,  and  Gegenbaur  has  ex- 
pressed the  opinion  that  the  astragalus  of  mammals  represents  the 
astragalus  and  intermedium  united.  These  investigations  might 
possibly  go  to  confirm  that  opinion  in  the  fact  that  in  reptiles  the 
intermedium  is  separate ;  in  birds  it  is  separate  in  the  young  bird, 
but  connected  with  the  astragalus  in  the  adult  state,  while  in 
mammals,  if  Gegenbaur  be. right,  it  is  always  so  connected. 

GEOLOGY. 

Return  op  Professor  Marsh's  Expedition. — ^Professor  Marsh 
and  party  returned  to  New  Haven,  Dec.  12th,  after  an  absence  of 
two  months  in  the  West.  The  object  of  the  present  expedition 
was  to  examine  a  remarkable  fossil  locality,  discovered  during  the 
past  summer  in  the  ''  Bad  Lands  "  south  of  the  Black  Hills.  The 
explorations  were  very  successful,  notwithstanding  extremely  cold 
weather,  and  the  continued  hostility  of  the  Sioux  Indians.  The 
latter  reftised  to  allow  the  expedition  to  cross  White  River,  but  a  re- 
luctant consent  was  at  last  obtained.  They  afterward  stopped  the 
party  on  the  way  to  the  **  Bad  Lands,"  attempted  a  night  attack 
on  their  camp,  and  otherwise  molested  them,  but  the  accompanying 
escort  of  U.  S.  troops  proved  suflScient  for  protection.  The  fossil 
deposits  explored  were  mainly  of  Miocene  age,  and  although  quite 
limited  in  extent,  proved  to  be  rich  beyond  expectation.  Nearly 
two  tons  of  fossil  bones  were  collected,  most  of  them  rare  speci- 
mens, and  many  unknown  to  science.  Among  the  most  interest- 
ing remains  found  were  several  species  of  gigantic  Brontotheridce^ 
nearly  as  large  as  elephants.    At  one  point  these  bones  were 
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heaped  together  in  such  numbers  as  to  indicate  that  the  animals 
lived  in  herds,  and  had  been  washed  into  this  ancient  lake  by  a 
freshet.  Successful  explorations  were  made,  also,  in  the  Pliocene 
strata  of  the  same  region.  All  the  collections  secured  go  to  Yale 
College,  and  will  soon  be  described  by  Professor  Marsh. 

Summer  School  of  Geology. — The  great  difficulty  that  all 
students  of  practical  geology  meet  at  the  outset  of  their  career  is 
to  obtain  proper  instruction  in  the  methods  of  working  in  the  field. 
With  a  view  to  meet  this  need  the  teachers  of  geology  at  Harvard 
University  have  determined,  with  the  consent  of  its  governing 
body,  to  begin  a  system  of  summer  instruction  intended  for  the 
proper  geological  training  of  persons  having  sufficient  preliminary 
knowledge  to  pursue  field  studies  with  profit.  The  school  will  be 
established  in  a  camp  to  be  formed  in  the  state  of  Kentucky,  in  the 
immediate  neighborhood  of  Cumberland  Gap.  This  place  off'ers 
great  advantages  for  the  pursuit  of  such  studies.  In  that  neighbor- 
hood a  section  from  the  Potsdam  sandstone  to  the  middle  carbo- 
niferous can  be  easily  traced,  and  it  is  in  the  midst  of  the  noble 
mountain  structure  of  the  Appalachians,  and  affords  great  advan- 
tages for  the  study  of  dynamic  geology.  At  the  same  time  the 
situation  is  entirely  healthy,  being  elevated  more  than  fifteen  hun- 
dred feet  above  the  sea,  thus  avoiding  all  malaria  and  the  extreme 
heat  of  lower  regions. 

The  instruction  will  include  lectures  on  diflerent  subjects  con- 
nected with  geology,  by  a  competent  corps  of  instructors,  and  prac- 
tice in  field  work.  Opportunities' will  be  thus  afforded  for  the  study 
of  dynamic  geology,  paleontology,  chemical  geology,  with  some- 
thing of  zoology  and  botany. 

Students  will  be  required  to  pay  in  advance  for  the  instruction 
and  use  of  camp  furniture,  the  fee  of  fifty  dollars,  and  will  also  be 
required  to  pay  weekly  in  advance  the  actual  cost  of  their  subsis- 
tence, which  is  expected  not  to  exceed  three  dollars  per  week. 

The  first  term  will  be  continued  for  about  ten  weeks,  or  from 
July  1st  to  Sept.  1st,  1875.  Transportation  of  students  from  the 
nearest  railway  stations  in  Kentucky  and  Tennessee  will  be  pro- 
vided at  actual  cost.  An  effort  will  be  made  to  secure  a  reduction 
of  fare  to  students  travelling  to  and  fro  from  the  camp. 

This  school  is  meant  especially  for  teachers  of  natural  science, 
and  those  who  are  desirous  of  pursuing  the  study  of  geology  in  a 
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practical  and  efficient  fashion,  and  it  will  therefore  be  limited  to 
persons  of  some  training  fitting  them  for  such  work.  The  num- 
ber will  be  limited  to  twenty-five,  and  the  school  will  not  be  begun 
if  there  are  less  than  ten  applicants.  Persons  desirous  of  joining 
the  school  should  apply  to  F.  W.  Harris,  President's  Secretary, 
Harvard  University,  Cambridge,  Mass. — N.  S.  S. 

Ancient  Lake  Basins  op  the  Rockt  Mountains. — The  exis- 
tence of  several  large  fresh  water  lakes  in  the  Rocky  Mountain 
region,  remarks  Prof.  Marsh  (in  the  American  Journal  of  Science 
and  Arts,  Jan.,  1875),  is  now  well  established,  mainly  through  the 
researches  of  explorers  whom  the  striking  scenery  of  the  "Bad 
Lands,"  or  the  extinct  animals  entombed  in  them,  have  attracted 
thither.  The  oldest  are  of  Eocene  age.  The  one  best  known 
forms  the  Green  River  basin,  and  the  sediments  are  at  least  6,000 
feet  in  thickness.  The  animal  remains  found  in  these  strata  are 
those  of  tapir-like  mammals,  monkeys,  crocodiles,  lizards  and  ser- 
pents, and  betoken  a  tropical  climate.  The  lake  basin  of  the 
"Bad  Lands"  of  Nebraska  is  of  Miocene  age,  and  the  strata  are 
about  300  feet  thick.  The  assemblage  of  animals  indicates  a  cli- 
mate less  tropical  than  that  of  the  Eocene  lakes,  as  seen  in  the 
absence  of  monkeys,  and  the  scarcity  of  reptilian  life.  The  Bron- 
totheridse,  the  largest  known  Miocene  mammals,  are  peculiar  to  the 
lower  strata  of  this  basin.  The  late  tertiary  or  Pliocene  basin, 
Marsh  calls  the  Niobrara  basin  ;  it  extended  from  Nebraska  nearly 
to  the  Gulf  of  Mexico.  The  strata  are  nearly  or  quite  1,500  feet 
thick.  The  fauna  indicates  a  warm  temperate  climate,  the  more 
common  animals  being  a  mastodon,  rhinoceroses,  camels,  and 
horses,  the  latter  being  especially  abundant. 

ANTHROPOLOGY. 

Copper  as  a  Preservative  op  Animal  and  Vegetable  Sub- 
9TANCKS. — In  examining  an  old  Indian  burying  ground  at  Harps- 
frell,  Maine,  several  pieces  of  leather  and  strips  of  nicely  twisted 
grass  fibres  were  found  which  were  fastened  together  at  the  sides 
with  a  tough  grass  thread  passing  through  at  intervals  about  an 
inch,  though  some  of  them  were  woven  together.  With  these  were 
embedded  several  copper  tubes,  and  some  thin  sheets  of  copper ;. 
t  he  corroding  of  the  latter  so  impregnated  the  former  that  they 
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were  in  a  gpod  state  of  preservation ;  the  pieces  exhibiting  the 
best  marked  effect  of  the  copper  were  the  strongest.  The  articles 
of  which  these  pieces  once  formed  a  part  had  long  since  gone  to 
decay;  not  coming  in  contact  with  the  copper  they  were  not 
spared  to  become  articles  of  curiosity  or  of  study  to  the  ethnolo- 
gist.— E.  Palmer. 

MICROSCOPY. 

Ross'  New  Microscopes. — The  adoption  by  this  great  house 
of  the  Jackson  model  of  stand  (which  has  long  been  very  gener- 
ally preferred  in  this  country  if  not  everywhere),  in  place  of  the 
transverse  bar  model  which  had  come  to  be  familiarly  known  as 
the  Ross  style,  is  an  innovation  of  sufficient  importance  to  attract 
special  notice,  and,  we  may  add,  congratulation.  The  magnificent 
workmanship  of  the  old  Ross  stand  is  no  secret  and  is  a  sufficient 
assuranc^of  the  mechanical  excellence  of  the  new  ones,  while  the 
fact  that  they  are  designed  by  Mr.  Wenham  leaves  nothing  to  be 
said  as  to  their  microscopical  efficiencj'.  The  new  stands,  while 
adhering  substantially  to  the  Jackson  model,  combine  some  of  the 
best  features  of  the  previous  stands  of  Ross,  Powell  &  Lealand, 
Ladd,  and  other  makers. 

The  Ross'  new  patent  object-glasses  (devised  by  Mr.  Wenham) 
are  believed  by  the  makers  to  have  so  well  proved  their  superi- 
ority that  they  are  now  exclusively  offered,  and  the  old  construc- 
tion abandoned,  from  the  ^  inch  upwards. 

Very  Thin  Covering  Glass. — Mr.  G.  J.  Burch,  of  the  Queck- 
ett  Club,  recommends  the  following  procedure  for  producing  very 
thin  covers,  not  for  general  use,  but  only  when  excessive  thinness 
is  required.  Seal  up  the  end  of  a  j^  inch  glass  tube  in  a  blowpipe 
flame,  and  continue  to  heat  it  until  so  soft  as  to  require  turning  to 
prevent  its  falling  out  of  shape ;  then  remove  it  from  the  flame 
and  blow  into  it  strongly  until  it  swells,  at  flret  slowly  and  then 
suddenly,  into  a  very  thin  bubble  of  glass,  of  perhaps  four  inches 
diameter.  When  cold  it  is  to  be  broken  in  pieces,  and  the  pieces 
cut  .to  shape  with  a  writing  diamond.  When  perfect  flatness  is 
required,  lay  a  piece  on  a  flat  strip  of  platinum  foil  and  place  it 
for  a  moment  in  a  Bunsen  flame,  which,  at  a  red  heat,  will  both 
flatten  and  anneal  it.  A  piece  of  this  glass  measured  ^-sW  '^^<^^ 
=•0004  inch,  while  Dr.  Pigott's  measurement  of  the  thinnest  glass 
in  his  possession  was  '0022,  which  is  5j  times  as  thick.    • 
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Falsb-ught  excluder  for  Objectives.— Mr.  Wenham's  exper- 
iments upon  the  aperture  of  objectives,  cutting  off  stray  light 
by  a  perforated  stop  surrounding  the  focal  plane  of  the  objective, 
have  suggested  to  Mr.  Ingpen  the  usefhlness  of  a  similar  contriv-  * 
ance  for  cutting  off  false  light  in  objectives  in  actual  use,  and 
thereby  preventing  that  milkiness  of  field  which  mars  some  other- 
wise excellent  objectives.  He  slips  over  the  objective  a  cap 
having  a  perforation  a  little  larger  than  the  field  of  the  objective. 
When  this  cap  is  slipped  down  to  the  cover-glass,  the  fbll  aper- 
ture of  the  lens  is  used  and  stray  light  excluded.  The  cap,  by 
slipping  it  up  toward  or  to  the  objective,  may  be  made  useful  to 
secure  a  variety  of  reduced  apertures.  Such  a  contrivance  which 
has  hitherto  been  used  in  connection  with  micro-spectroscopic 
work  is  evidently  capable  of  a  more  extended  usefulness. 

Staining  Vegetable  Tissues. — Persons  unaccustomed  to  mi- 
croscopical manipulation  suffer  much  loss  of  time  in  working  from 
such  superb  books  as  those  of  Beale  and  Frey,  partly  in  selecting 
from  the  great  wealth  of  material  and  partly  from  the  necessary 
omission  of  minute  details  in  the  way  of  working  directions.  Of 
staining  solutions,  for  instance,  the  beginner  is  at  a  loss  to  choose 
from  the  pages  of  excellent  formulas,  and  is  not  unlikely  to  begin 
with  the  least  suitable  one ;  and,  partly  for  this  reason,  few  be- 
ginners are  aware  of  the  ease  with  which  the  modem  methods  of 
staining  may  be  employed,  or  of  the  exquisite  results  attainable. 
Such  will  be  glad  to  use  the  following  hints,  which  are  mainly 
abstracted  from  a  paper  by  Dr.  Christopher  Johnston  in  the 
"  Monthly  Microscopical  Journal." 

For  staining  animal  tissue  carmine  succeeds  perfectly,  and  log- 
wood gives  also  beautiful  results,  but  aniline  is  unsatisfactory; 
while  for  vegetable  work  logwood-violet  and  aniline-blue  are  pre- 
ferred to  carmine,  being  easier  to  work  and  pleasanter  to  study, 
especially  by  lamplight. 

Logwood  staining  was  introduced  by  Boehmer,  who  used  solu- 
tions of  hfiematoxylin  and  alum,  mixing  them  in  small  quantities 
when  needed  for  use.  Dr.  Frey  simplified  the  plan  by  mixing  log- 
wood and  alum  solutions  until  a  violet  color  was  produced,  filtering 
the  solution  thus  prepared,  and  keeping  it  for  use  when  required. 
Dr.  Arnold's  plan,  which  is  the  most  convenient,  is  to  pulverize 
one  part  of  extract  of  logwood  and  three  parts  of  alum  in  a  mortar, 
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and  gradually  add  water  so  as  to  form  a  saturated  solution,  some 
of  the  powder  being  left  undissolved.  When  filtered  this  should 
be  of  a  dark  violet  color ;  if  a  dirt}'  red,  add  more  alum.  After 
standing  a  few  days  add  one-fourth  of  its  bulk  of  75  per  cent, 
alcohol.  Should  a  scum  form  on  the  surface,  add  a  few  drops  of 
alcohol  and  filter. 

Ordinary  aniline  blue  is  insoluble  in  water,  but  made  soluble  by 
the  addition  of  sulphuric  acid ;  but  it  may  now  be  obtained  in 
soluble  form  at  the  color  shops,  and  a  one  per  cent,  aqueous  solu- 
tifin  of  the  soluble  blue,  with  the  addition  of  a  little  alcohol  and 
a  trace  of  oxalic  or  acetic  acid  may  be  used,  or  the  solution  sold 
as  "Bower's  Blue  Ink,"  may  be  slightly  acidulated  and  used  in- 
stead. 

The  specimen,  whether  a  section  or  a  thin  leaf,  if  it  lias  not  been 
blanched  by  previous  maceration  in  alcohol,  is  decolorized  by 
soaking  in  Labarraque's  solution  of  chlorinated  sodH  until  per- 
fectly achromatic  and  transparent,  and  then  soaked  in  distilled  water 
for  an  hour  or  two.  It  is  next  soaked  in  a  three  per  cent,  aque- 
ous solution  of  alum,  then  in  the  logwood  solution  (diluted  with 
twenty-five  per  cent,  alcohol  if  a  slight  or  slow  effect  is  desired) ; 
when  suflSciently  stained  it  is  washed  in  the  alum  solution,  and 
then  transferred  through  alcohol  and  oil  of  cloves,  to  damar  var- 
nish or  a  chloroformic  solution  of  balsam.  Or  else  the  bleached 
and  washed  specimen  is  soaked  in  a  three  per  cent,  solution  of 
oxalic  acid  in  fifty  per  cent,  alcohol,  then  in  the  blue  fluid  until 
intensely  colored,  washed  in  ninety  per  cent,  alcohol  to  remove  the 
superfluous  aniline,  and  transferred  promptly  through  absolute 
alcohol  and  oil  of  cloves  to  damar  or  the  balsam  solution.  A 
small  weight  is  placed  upon  the  cover,  and  a  temporary  label  on 
the  slide  while  the  balsam  hardens. 

The  logwood  stainings  may  be  mounted  at  leisure  and  at  any 
time,  but  those  of  aniline  must  be  completed  at  once  or  the  color 
will  wash  out. 

A  Method  of  Preparing  and  Mounting  Suitable  Insects  for 
Microscopical  Examination.^ — After  procuring  the  insect,  place 
it  under  a  tumbler  or  suitable  vessel  with  a  few  drops  of  ether ; 
when  dead,  wet  it  with  alcohol,  and  place  it  in  liquor  potassae  of 
the  strength  of  1  oz.  (troy)  fused  caustic  potassa  and  1  pint  dis- 
tilled water. 

^Read  before  the  Memphis  Microscopical  Society,  December  17, 1874. 
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Let  it  soak  in  this  liquid  until  the  skin  or  external  part  is  soft, 
and  the  internal  substance  in  such  a  condition  that,  upon  slight 
pressure,  the  insect  can  be  evacuated  by  the  natural,  or,  if  neces- 
sary, an  artificial  opening.  This  is  best  dohe  under  water,  and  a 
white  plate  is  best  to  use. 

When  this  is  eflfected  the  object  is  to  be  cleaned.  Have  a  cam- 
el's hair  brush  in  each  hand ;  with  one  hold  the  object,  and  with 
the  other  brush  every  part  of  the  insect,  and  on  both  sides ;  float 
it  on  a  glass  slide,  and  dispose  each  part  in  a  natural  position, 
either  creeping  or  flying. 

Cover  this  slip  with  another  glass  slip  of  the  same  size,  and 
press  gently  together,  using  only  suflScient  force  to  make  it  as 
thin  as  possible  without  crushing  or  destroying  it. 

Confine  these  two  glasses,  the  insect  being  between,  with  a  fine 
brass  wire  as  a  string,  and  place  it  in  clean  water,  to  remain 
twenty-fouf  or  thirty-six  hours  ;  this  will  give  the  insect  a  position 
which  is  not  easily  changed,  and  it  is  therefore  proper  that  the 
position  be  such  as  you  desire  when  finished.  Remove  the  string, 
and  open  the  glasses  carefully  under  water,  and  float  the  insect 
off;  give  it  another  brushing,  and  let  it  remain  a  few  hours  to  re- 
move the  potassa. 

Transfer  to  a  small  but  suitable  vessel  containiilg  the  strongest 
alcohol  that  can  be  obtained,  pursuing  the  same  course  as  with  the 
water,  placing  between  glass  slips,  tied  together,  and  letting  it 
remain  about  twenty-four  hours. 

Transfer  to  a  vessel  containing  spirits  of  turpentine.  It  is  to 
remain  in  this,  kept  between  the  glasses,  until  all  the  water  is  re- 
moved. While  in  the  turpentine,  the  insect  is  to  be  released  sev- 
eral times  and  the  moisture  removed  from  the  glasses,  and  the 
insect  again  confined. 

When  no  moisture  is  visible  surrounding  the  insect,  heat  the 
glass  slips  containing  the  insect  over  a  spirit  lamp  until  the  con- 
tained turpentine  nearly  boils,  when  if  any  moisture  be  present,  it 
will  show  its  presence  when  the  glasses  are  cold. 

If  free  frOm  moisture  it  is  ready  for  mounting :  float  it  on  a 
saitable  slide  from  the  turpentine ;  drop  a  suflScient  quantity  of 
balsam  upon  it ;  examine,  and  if  no  foreign  substances  are  pres- 
ent, heat  the  cover  slightl}',  and  apply  in  the  usual  way. 

After  a  day  or  two,  heat  the  slide  moderately,  and  press  out  the 
snrplus  balsam,  and  place  a  small  weight  upon  the  cover  while 
drying. 
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After  the  lapse  of  a  suitable  time,  remove  the  surplus  and  clean 
the  slide. 

In  all  the  operations  the  utmost  cleanliness  is  to  be  observed ; 
the  liquids  used  to  be  frequently  filtered  and  kept  from  dust,  and 
a  large  share  of  patience  will  be  found  necessary. — Thohas  W. 
Starr,  324  Chestnut  St.^  Philadelphia. 

DisTiMouiSHiNG  Blood  CORPUSCLES. — ^The  ordinary  method  of 
soaking  out  the  shrivelled  and  distorted  cells  from  a  dried  blood 
stain  or  clot,  and  the^  measuring  their  diameter  under  a  suitably 
high  power,  is  conceded  to  be  satisfactory  in  many  of  the  most 
frequently  occurring  cases  (for  instance,  Dr.  J.  G.  Richardson, 
who  has  been  for  several  years  a  prominent  advocate  of  the  relia- 
bility of  this  method  of  distinguishing  human  blood,  under  high 
powers  from  that  of  certain  domestic  animals,  has  recently  shown 
by  numerous  experiments  the  feasibility  of  thus  distinguishing 
the  blood  of  man,  ox  and  sheep) ;  but  it  fails  when  the  corpuscles 
approach  each  other  too  nearly  in  size.  It  also  gives  unsatisfac- 
tory results  with  the  oval  nucleated  corpuscles  of  reptiles,  etc., 
which,  when  swelled  by  soaking,  do  not  arrive  at  their  original 
condition.  Dr.  R.  M.  Bertolet  of  the  Philadelphia  Hospital  is 
represented  as  advising  the  following  method  of  staining  these 
corpuscles,  which  is  applying  one  of  the  chemical  tests  for  blood 
in  a  new  way  and  with  great  precision.  The  blood  is  moistened 
with  slightly  acidulated  glycerine,  and  then  carefully  irrigated 
with  an  alcoholic,  solution  of  guiacum  resin,  and  finally  a  small 
quantity  of  ethereal  solution  of  ozonic  ether  (peroxide  of  hydro- 
gen) is  flowed  beneath  the  cover.  By  this  procedure  the  whole 
corpuscle  is  stained  of  a  uniform  color  which  varies  in  different 
corpuscles  from  a  light  sapphire  to  a  deep  blue,  except  in  case  of 
the  nucleated  corpuscles  in  which  the  nucleus  assumes  a  distinctly 
different  tint  from  the  rest. 

Embedding  Tissues. — Mr.  R.  Packenham  Williams,  in  a  paper 
"On  Cutting  Sections  of  the  Eye  of  Insects,"  read  before  the 
Queckett  Club,  advises  that  the  head,  after  hardening  in  alcohol, 
should  be  embedded  in  a  mixture  of  butter  of,  cocoa,  bleached 
beeswax,  and  a  little  new  Canada  balsam.  This  mixture  melts  at 
about  120®,  and  mky  be  removed  from  the  sections,  after  cutting, 
by  gently  wai'ming  them  in  turpentine.  The  cutter  used  in  con- 
nection with  this  compound  should  be  wetted  with  turpentine  while 
making  the  sections. 
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SPHiERAPHiDBS.  —  Profcssor  George  Gulliver  calls  attention  in 
the  "  Monthly  Microscopical  Journal,"  to  the  hitherto  unnoticed 
sph^raphides  in  Leonnrus  cardiaca^  and  also  to  the  two  kinds  of 
sphseraphides  occurring  in  this  species  as  well  as  in  Urtica  dioica^ 
U.  uretts^  Parietaria  diffusa  and  Humulus  lupulus :  one  kind,  the 
larger  and  smoother,  occurring  in  the  blades  of  the  leaves  and 
consisting  chiefly  of  carbonate  of  lime;  the  other  kind,  smaller 
and  more  roughened  on  the  surface,  occurring  in  the  fibro-vascular 
bundles  of  the  leaf  and  in  the  pith,  and  consisting  of  oxalate  of 
lime  except  in  L,  cardiaca  in  which  they  are  composed  chiefly  of 
carbonate  of  lime  and  in  which  they  are  wanting  in  the  pith. 
Boiling  the  parts  in  caustic  potash  solution  discloses  these  crys- 
tals admirably  even  when  not  otherwise  easily  found,  as  in  the 
case  of  the  leaf  of  Ficus  carka. 

Spiders'  Web. — Mr.  H.  J.  M.  Underbill  publishes  in  "Science 
Gossip**  an  interesting  microscopical  study  of  the  spider's  web 
and  the  mechanism  by  which  it  is  produced.  He  finds  that  of 
the  two  to  four  pairs  of  spinnerets  or  web-forming  papillae  pos- 
sessed by  spiders,  the  British  species  have  at  least  three  pairs. 
The  first,  or  upper  pair  of  spinnerets,  produce  plain  threads  of 
the  largest  size  which  are  stretched  taut  from  point  to  point  to 
form  the  foundation  of  the  web,  especially  at  the  edges  where 
great  strength  is  essential ;  these  threads  are  often  doubled  or 
trebled  for  greater  security.  The  spinnerets  of  the  second  pair 
are  somewhat  similar  but  smaller,  and  produce  a  smaller  but 
otherwise  similar  thread.  The  third  pair  diflfers  notably  in  struct- 
ure, and  produces  a  thread  which  is  either  elastic  and  studded 
with  viscid  globules,  or  is  slack,  irregular  and  curled,  being  in 
either  case  adapted  for  entangling  and  holding  the  insect  prey. 
In  the  common  house  spider  (  Tegenaria  domeatica)  there  ar^  about 
three  hundred  and  sixty  silk-glands  each  ftimished  with  a  sep- 
arate duct  and  terminating  in  a  silk  tube  at  the  extremity  of  a 
spinneret.  The  first  pair  of  spinnerets  has  about  sixty  of  these 
glands,  the  second  pair  eighty,  and  the  third  pair  two  hundred 
and  twenty,  which  are  more  complicated  in  structure,  though 
much  smaller  than  the  others.  In  spiders  which  have  four 
pairs  of  spinnerets  the  thread  of  the  fourth  pair  is  somewhat 
like  that  of  the  second,  and  the  aggregate  number  of  silk  tubes 
is  greatly  increased,  being  in  Ciniflo  airox  about  twenty-six  hun- 
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dred.  Thus  each  pair  of  spinnerets  is  calculated  to  produce 
a  different  kind  or  size  of  thread ;  contrary  to  the  common 
belief  that  each  tliread  is  formed  by  a  coalescence  of  silk 
from  all,  in  which  case  the  change  from  viscid  to  plain  thread 
would  depend  in  some  obscure  manner  on  the  will  of  the  animal. 
Nor  do  those  drops  of  silk  which  are  simultaneously  produced 
coalesce  into  a  homogeneous  thread,  as  a  web  under  a  high 
power  will  show  many  of  the  threads  frayed  like  a  worn  rope, 
and  an  unfortunate  fly  is  not  bound  by  the  coils  of  a  single 
thread  but  by  a  broad  band  of  many  detached  threads,  ft-om  the 
tips  of  the  six  spinnerets  arranged  in  a  line,  thrown  rapidly 
around  it. 

Coarse  Lines  on  Diatoms. — Mr.  F.  Kitton,  the  valued  corres- 
pondent of  *' Science-Gossip,"  again  calls  attention  to  the  fact 
that  while  '* smooth"  diatoms  have  been  patiently  studied  with 
lenses  of  high  resolving  power,  those  with  coarse  lines  or  costse 
being  easy  of  resolution  have  escaped  such  scrutiny,  though  many 
of  them  are  possessed  of  finer  markings  which  are  capable  of 
resolution  by  the  means  applied  to  more  *' difficult"  diatoms.  The 
costce  of  some  species  of  Synedra  and  Cymbella  he  has  recently 
studied  in  this  way,  and  found  the  rib-like  lines  composed  of  a 
series  of  beads,  reminding  him  of  peas  in  a  well  filled  pod.  He 
has  not  yet  been  similarly  successful  with  the  Pinnularias. 

NOTES. 

The  State  Board  of  Education  have  presented  to  the  Massachu- 
setts Legislature  an  extended  report  relating  to  the  proposed 
general  survey  of  the  state,  a  subject  which  was  referred  to  the 
Board  for  report  by  the  last  legislature.  This  report  makes  prom- 
inent a  number  of  important  points  bearing  on  the  necessity  of  the 
proposed  survey,  and  gives  minute  estimates  of  its  cost,  which  are 
placed  at  the  comparatively  insignificant  sum  of  $25,000  a  year 
for  a  period  of  fifteen  years.  The  value  of  the  survey  to  the  peo- 
ple of  the  state  is  so  very  apparent  that  we  have  little  fear  but 
that  the  legislature  will  pass  the  bill,  as  soon  as  it  comes  before 
them,  notwithstanding  the  economical  wave  that  in  it«  periodic 
course  has  again  broken  upon  our  land.  Certainly,  if  we  were 
blessed  with  a  more  thorough  understanding  of  our  resource,  and 
worked  in  all  departments  with  more  knowledge  of  the  laws  of 
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nature,  and  did  not  so  iguorantly  interfere  with  laws  which  we  can- 
not change,  we  should  not  so  often  be  in  that  sad  position,  when 
we  have  to  stop  and  ask,  Why  are  we  so  poor  when  riches  are  under 
our  feet  ?  To  this  end,  that  we  may  know  our  resources,  and  not 
only  take  better  advantage  of  them,  but  also  through  knowledge 
avoid  mistakes,  we  hold  that  the  thorough  survey  of  the  state  will 
prove  of  lasting  benefit,  and  long  before  it  is  finally  completed 
show  itself  even  a  financial  success. 

The  survey,  as  asked  for  by  the  original  memorial  of  the  Ameri- 
can Academy  and  as  endorsed  by  the  State  Board  of  education, 
is  not  designed  to  be  *jMpply  topographical  and  geological, 
though  the  well  known  im^rfections  of  all  maps  of  the  state  show 
the  importance  of  the  former,  while  the  almost  total  ignorance  of 
our  very  peculiar  geology,  and  the  present  excitement  at  Newbury- 
port,  over  the  discovery  of  lead  and  silver,  certainly  are  proof  of  the 
importance  of  the  latter  topic.  But  not  only  are  these  depart- 
ments contemplated,  but  that  of  biology  as  well,  and  here  again 
can  we  cite  the  importance  of  the  survey  in  afield  where  ignorance 
is  so  uniformly  the  rule  that  to  be  wise  -is  considered  foolish.  Here 
are  thousands  of  people  in  the  state  dependent  on  the  success  of 
their  crops  and  their  stock  for  support,  and  hundreds  of  thousands 
still  more  dependent  on  what  their  farms  will  bring  them,  and  all, 
so  nearly  or  entirely  ignorant  of  nature's  laws,  that  hardly  an  act 
is  committed  in  the  efforts  of  cultivation,  that  is  not  sowing  the 
seeds  of  failure  in  the  future.  It  is  the  bearing  which  the  biologi- 
cal part  of  the  survey  will  have  on  these  practical  and  vital  points 
of  our  daily  life,  that  will  in  the  end  make  it  the  most  important 
branch  of  the  survey',  though  the  very  ignorance  which  will  be  its 
work  to  supplant  by  knowledge,  will  be  the  cause  of  its  being  the 
least  understood  at  first,  and  the  hardest  to  make  men  realize  the 
importance  of  providing  for,  by  Legislation. 

For  our  credit  as  a  state  ever  ready  to  do  that  which  is  best  for 
the  people,  and  from  the  much  higher  principle,  the  advancement 
of  knowledge  among  men,  and  the  consequent  higher  degree  of  gen- 
eral education,  we  hope  and  trust  that  the  important  matter  of  a 
thorough  and  exhaustive  8ui*vey  in  all  departments,  will  not  only 
be  provided  for  by  the  present  Legislature,  but  will  be  placed  on  so 
firm  a  basis  that  no  matter  what  political  revolutions  may  ensue 
during  the  next  fifteen  years,  the  provisions  for  the  survey  shall 
remain  intact. 
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Three  preliminary  maps  have  during  the  past  year  been  pub- 
lished by  Haj  den'ig  U.  S.  Geological  Survey  of  the  Territories,  the 
one  of  most  interest  being  a  preliminary  map  of  Central  Colorado 
showing  the  region  surveyed  in  1873. 

A  glance  at  the  "  Catalogue  of  the  Publications  of  the  U.  S. 
Geological  Survey  of  the  Territories,  F.  V.  Haj'den,  Geologist  in 
charge,  Washington,  1874,"  may  give  some  idea  of  the  energy 
shown  in  the  conduct  of  this  survey ;  several  volumes  appearing 
annually,  beside  smaller  pamphlets,  containing  a  large  mass  of 
information  regarding  the  public  lands.  Exchanges  of  the  publi- 
cations of  the  survey  with  societiesr  and  individuals  engaged  in 
scientific  studies  are  desired.  ' 

Prop.  Cif .  Fred.  Hartt,  who  left  this  country  for  Brazil  by  way 
of  England  in  Oct.  last  with  his  assistant  and  photographer,  Mr. 
John  Branner  of  the  Geological  Laboratory',  Cornell  University, 
was  busy  on  the  surface  geology  of  the  neighborhood  of  Rio  de 
Janeiro  when  last  heard  from.  We  believe  he  has  found  reasons 
to  diflFer  from  Prof.  T.  Sterry  Hunt's  views  in  regard  to  the  origin 
of  the  loose  materials  covering  the  rocks  around  Rio.  He  has 
been  going  over  the  ground  with  great  care,  working  it  up  in  de- 
tail, and  we  shall  expect  an  interesting  communication  from  him 
on  the  subject  as  soon  as  he  returns. 

Sir  William  Jardine  died  N^ov.  12  at  the  age  of  seventy-four. 
Though  especially  devoted  to  ornithology,  he  established  the 
"Magazine  of  Zoology  and  Botany,"  afterwards  the  *' Annals  of 
Natural  History,"  which  in  1841  was  combined  with  the  Magazine 
of  Natural  History  to  form  the  *'  Annals  and  Magazine  of  Nat- 
ural History,"  now  the  leading  English  journal  in  this  department 
of  science. 

Valuable  sets  of  Floridan  plants  have  been  made  by  Dr.  6. 
Palmer,  and  are  authentically  named  and  for  sale  at  the  herba- 
rium of  the  Botanic  Garden  at  Cambridge.  They  can  be  purchased 
on  application  to  Prof.  A.  Gray,  as  Dr.  P.  is  now  in  California. 

Mr.  F.  W.  Putnam  has  received  the  appointment  of  Curator  of 
the  Peabody  Museum  of  American  Archaeology  and  Ethnology  at 
Cambridge,  held  by  the  late  Professor  Wyman. 

The  Governor  of  Rhode  Island  has  recommended,  in  his  inaug« 
ural  address,  a  geological  survey  of  that  state. 
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BY  F.  C.  CLARK,  M.D. 

Perhaps  no  more  curious  phenomenon  meets  tbe  gaze  of  the 
Arctic  observer  than  what  is  familiarly  known  as  "  red  snow ; " 
and  triUy  a^  beautiful  sight  must  the  little  plant  present,  in  direct 
contrast  with  the  expanse  of  white,  whether  appearing  in  thinly 
scattered  patches,,^  or  crimsoning  the  hills  and  plains  for  miles 
around. 

The  subject  has  ever  been  of  the  deepest  interest,  and  excited 
the  attention  of  the  most  eminent  scientists.  For  a  long  time  its 
true  place  in  nature  remained  undetermined.  On  each  side  of  the 
contest  as  to  its  affinities  were  arrayed  most  distinguished  author- 
ities, each  claiming  to  have  solved  the  mystery.  Yet  it  was  only 
after  many  conflicting  opinions  that  its  true  position  was  deter- 
mined. Hence  if  the  vegetable  origin  of  "  red  snow  "  seems  con- 
clusive enough  to  us,  we  must  not  forget  the  advantages  we  possess 
over  former  observers.  The  microscope,  the  natural  sciences  and 
mechanics,  have  all  received  marked  improvemeni  since  the  first 
discovery  of  the  snow  plant.  < 

The  history  of  the  Protococcua  nivalis,  as  named  by  Agardh, 
dates  from  a  very  early  period  in  antiquity.  Aristotle  tells  us  it 
was  known  in  his  time.  In  fact  it  was  one  of  the  chief  objects 
which  attracted  the  attention  of  mountain  travellers  and  of  adven- 
turers in  the  frozen  regions  of  the  North. 

Entered,  according  to  Act  of  GoiiKress,  In  tbe  year  1876.  by  tbe  Pbabodt  Acaobict  or 
SCUENCE,  in  tbe  Office  of  tbe  LIbrariaa  of  Congress,  at  Wasbiugton. 

AHBR.  NATURAUST,  VOL.  IX.  9  (129) 


Digitized  by  VjOOQIC 


180  RED   SNOW. 

But  the  most  accurate  accounts  extant  only  date  fVom  1760  of 
the  present  era.  Saussure  about  this  time  made  careful  examina- 
tions of  "red  snow"  obtained  from  the  Apennines.  The  result 
of  his  investigations  was  the  discovery  of  a  vegetable  substance 
which  he  supposed  was  the  pollen  of  some  plant. 

The  subject  now  remained  quiescent  until  the  return  of  the 
Arctic  exploring  expedition  under  Sir  John  Ross  in  1819.  New 
material  was  now  obtained  for  examination.  Specimens  of  "  red 
snow  "  were  sent  to  Robert  Brown  and  Francis  Bauer. 

Brown  gave  it  as  his  opinion  that  the  snow  plant  was  a  unicel- 
lular plant  belonging  to  the  order  of  Algae. 

Bauer,  however,  dissented  from  Brown,  and  declared  it  to  be  a 
species  of  fungus  (Uredo  nivalis).  Apart  from  his  conclusions 
upon  the  subject,  he  made  many  interesting  experiments  with  the 
plant.  Its  microscopical  appearances  and  also  analysis  were 
given.  But  perhaps  the  most  curious  experiment  was  his  attempts 
at  propagating  the  Protococcus. 

For  this  purpose  he  placed  some  of  the  "  red  snow  "  given  him 
by  Sir  John  Ross,  and  which  had  already  become  white^from  long 
exposure  to  the  air,  in  a  glass  vessel  filled  with  snow,  taking  care 
to  mix  the  two  well  together ;  on  exposing  the  vessel  of  snow  in 
the  open  air  for  some  time,  and,  fortunately,  while  the  weather 
was  unusually  cold  (in  December) ,  he  found  the  snow  to  change 
from  white  to  pink ;  and  finally  to  regain  its  original  color,  and 
its  quantity  also  to  increase. 

Not  satisfied  with  this,  he  carried  his  investigations  still  further. 
He  put  a  small  quantity  of  the  snow  plant  upon  the  surface  of 
some  snow,  and  watched  the  result.  The  temperature  being  sufli- 
ciently  low,  the  same  changes  were  observed  as  occurred  in  the 
former  instance,  but  a  greater  increase  in  bulk  of  the  plant. 

From  these  experiments  Bauer  concluded  that  the  young  plant 
became  green  befdre  it  matured  ;  that  a  certain  degree  of  cold  was 
necessary  for  its  production,  and  that,  if  exposed  to  the  open  air 
alone  for  some  days,  the  plant  would  lose  its  red  color.^ 

In  1823  Baron  Wrangel  after  careflil  analysis  denied  thef  con- 
clusions arrived  at  by  former  observers,  and  pronounced  the  plant 
to  belong  to  the  lichens,  naming  it  Leprasia  Kermesina.     So  in- 

» Philosophical  Transactions,  1820,  Part  1,  pp.  165-174. 

''  Microscopical  obserrations  on  Red  Snow,  bj  F.  Bauer.  Journal  of  Sci.  and  Arts 
(Royal  Inst,  of  Gr.  Br.),  vol.  vii,  1819." 
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stead  of  clearing  away  all  doubts  be  only  served  to  introduce  new 
matter  for  discussion.^ 

Two  years  afterwards  the  question  was  again  agitated  by  Agardh 
and  Dr.  Greville^  of  Edinburgh.  Both  these  observers  agreed  in 
every  particular  with  Robert  Brown.  Sir  William  Hooker  also, 
the  eminent  naturalist  and  botanist,  later  confirmed  the  views  of 
Agardh  and  Greville ;  but  he  named  the  "  red  snow  "  PalmeUa  in- 
stead of  Protococcus  nivalis  Agardh.  The  algic  nature  of  the 
plant  was  thus  decided  for  a  time. 

During  the  year  1838  several  observers  on  the  continent,  among 
whom  may  be  mentioned  Eunze,  linger  and  Martius,  wrote  elabo- 
rate monographs  upon  the  subject,  but  without  eliciting  anything 
new. 

Thus  far  we  have  had  to  do  only  with  believers  in  the  vegetable 
origin  of  the  Protococcus.  There  are  almost  as  many  eminent 
observers  arrayed  on  the  opposite  side,  who  pronounce  in  regard 
to  its  animal  nature. 

In  August,  1839,  Mr.  Shuttleworth,^  an  English  resident  of 
Switzerland,  understanding  that  "red  snow"  had  been  discovered 
in  the  vicinity,  betook  himself  thither,  and  by  the  aid  of  his  mi- 
croscope was  enabled  to  make  out  the  presence  of  animalcules. 
Adding  to  these  examinations  he  described  two  species  of  low 
animal  organisms,  and  proclaimed  the  animal  nature  of  the  snow 
plant. 

In  1840,  Professor  Agassiz  of  Neufchatel  made  a  tour  to  the 
glacier  of  Aar,  and  discovering  "red  snow"  there,  carefully  exam- 
ined it  with  a  microscope,  and  presented  his  views  concerning  the 
plant  before  the  British  Association  at  Glasgow.  Not  only  did  he 
fully  confirm  the  conclusions  of  Shuttle  worth,  but  he  added  four 
other  species  of  animalcules  to  those  already  discovered  and  de- 
scribed by  Shuttleworth.  Agassiz  considered  that  the  opinions  of 
former  observers  were  due  to  their  mistaking  the  ova  of  animal- 
cules for  the  spores  of  a  plant.^ 

After  the  confusion  necessarily  arising  from  such  a  variet}^  of 

«  Penny  Bucyolopedia. 

»*•  Scottish  Cryptogamio  Flora,"  by  Robert  K.  GrevUle.  Edlnb.,  1826-1829.  Vol.  Iv, 
p.  231. 

* "  NouveUes  observations  enr  la  mati^re  colorante  de  la  neige  ronge,"  par  James 
ShntUeworth.  BIbl.  Univ.  xiCv,  1840.  Bdinb.,  New  Phil.  Journ.,  xxlx,  1840.  Proriep. 
Notizen,  xri,  1S40.    Also  Bibl.  Univ.  xxv,  1810.    Edinb.  New  Phil.  Joum.  xxlx,  1840. 

*Loe.eU. 
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opinions,  and  each  advocated  by  unimpeachable  authorities,  had 
somewhat  subsided,  the  true  nature  of  the  Protococcus  was  at 
length  decided.  And  to-day  its  vegetable  origin  is  no  longer 
doubted.  It  holds  no  middle  place  between  the  animal  and  the 
vegetable,  as  some  have  thought,  nor  is  it  even  a  low  animal 
organism;  but  in  every  sense  of  the  word  an  alga,  as  Brown, 
Agardh,  Greville,  Hooker,  and  many  other  eminent  authorities 
have  since  declared.* 

Animal  substances,  it  is  true,  are  found  present  in  the  alga. 
But  this  is  easily  accounted  for  when  we  copsider  the  immense 
numbers  of  low  animal,  as  well  as  vegetable  organisms,  floating 
in  the  atmosphere,  and  even  in  the  most  fi-igid  of  climates.''' 

Mineral  substances  are  also  present,  thus  misleading  the  chemist 
as  well  as  botanist  and  naturalist.  Hence  analyses  of  the  snow 
plant  often  strengthen  the  obsei-ver's  private  opinions,  thus  ren- 
dering a  bias  of  judgment  almost  unavoidable. 

Botanists  refer  the  snow  plant  to  the  family  Palmellacece^  the 
lowest  of  plants,  and  related  to  the  Confervacece.  It  is  propa- 
gated like  all  the  members  of  this  family,  by  a  kind  of  gemma- 
tion. A  tube-like  process  shoots  out  from  the  plant  dilating  at 
the  extremity.  Gradually  a  cell  is  formed  at  the  end  of  the  tube, 
which  continues  contracting  until  the  new  cells  lose  all  connection 
with  the  mother-plant,  and  become  distinct  individuals. 

In  some  species  of  this  family  true  segmentation  is  the  rule. 
In  this  mode  of  reproduction  the  young  plants  exhibit  for  a  short 
time  remarkable  powers  of  locomotion,  which  are  due  to  the  rapid 
vibration  of  an  immense  number  of  cilia.  When  this  motion 
ceases,  then  is  the  signal  for  segmentation  or  reproduction  to 
begin.  When  segmentation  ceases,  motion  reestablishes  itself, 
then  segmentation  recommences,  and  so  on.® 

The  vibration  of  these  cilia  has  undoubtedly  led  observers, 
opposed  to  the  vegetable  origin  pf  Protococcus,  to  regard  it  as 
similar  to  the  zoospores  of  certain  Protozoa.  For  it  is  a 'well- 
known  fact  that  *'red  snow"  possesses  some  degree  of  motion. 

The  Protococcus  is  very  -minute,  in  fact  microscopical.     Under 

the  microscope  it  has  the  appearance  of  brilliant  garne^colored 

I 

«  Brand's  Diet.,  of  Sci.  Lit.  and  Art. 

T  Kane's  NarratiTe,  1854.    pp.  1.S8-140. 

•  Chamber's  Encyc.  vid.  Palmellacese.  (See  also  Clark'»  *•  Mind  in  Nature^  for  orig- 
inal observations  on  American  specimens  by  thid  eminent  observer,  illustrated  by  fig- 
ures.—Ed8.) 
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disks  resting  upon  a  matrix  of  gelatinous  matter.  They  resemble 
to  a  remarkable  degree  the  red  globules  of  the  blood  in  size  and 
color.  But  Bauer  gave  their  size  as  -j^W  ^^^h  in  diameter; 
whereas  more  careful  measurement  will  show  the  diameter  of  the 
disks  to  be  nearer  -j^ujj  or  xif(yjj  inches.  Each  one  of  these  glob- 
ules is  made  up  of  seven  or  eight  cells  filled  with  a  liquid,  which 
probably  contains  the  coloring  matter  of  the  Protocoocus.  But 
Brocklesby  thinks  the  liquid  contains  great  numbers  of  animal- 
cules.® 

Bauer,  Wollaston,  DeCandoUe,  Hooker,  Peschier  and  others  give 
chemical  analj^ses  of  the  snow.  But  as  they  all  give  nearly  like 
results,  the  analysis  of  Peschier  is  only  subjoined,  viz. : 

Silicious  matter 66.50 

Alumina       .  - 6.35 

Peroxide  of  iron 21.35 

Lime 1.17 

Organic  matter 6.80 1» 

The  "starch  test'*  proves  the  vegetable  origin  of  Protococcus 
perhaps  bettor  than  any  other. 

The  genus  to  which  the  snow  plant  belongs  takes  a  variety  of 
forms ;  of  dust-like  particles,  as  in  the  case  of  "  red  snow ; "  of  a 
stringy  gelatinous  mass  as  in  "gory  dew ;"  or  of  a  thin  and  mem- 
branous structure,  like  a  frond. 

Dr.  Kane  found  the  color  to  be  of  a  dark  red.  On  paper  it  pro- 
duced a  cherry  red  stain,  which  became  brown  on  exposure  to  the 
air.  Its  solution  in  water,  in  which  red  snow  is  very  soluble,  is  of 
a  muddy  claret  color.  But  if  the  snow  were  damp,  upon  which  it 
was  found,  the  snow  beneath  was  stained  a  beautiful  pink.^^ 

The  Protococcus^  is  found  above  83''  north  latitude,  and  as  far 
south  as  in  New  Shetland  in  70*"  S^.  Lat.  Sir  John  Ross  saw.it 
extend  over  the  cliffs  bordering  upon  Baffin's  Bay  for  a  distance 
of  eight  miles,  and,  in  some  instances,  to  a  depth  of  twelve  feet. 
To  this  day  the  heights  are  called  the  "  Crimson  Cliffs."  ^^ 

Parry  found  '*red  snow"  even  far  from  land  upon  the  ice-fields 
of  Spitzbergen.  Kane  obtained  it  fifty  miles  from  land  upon  the 
floes  of  ice.     Here  it  seems  to  have  been  diffused  through  the 

•Brocklesby's  Meteorology,  pp.  120-121. 
w  Penny  Encyclope'^lia. 
"  Kane*8  Mnrrative,  1861, 1854.    pp.  138-140. 
1*  Kane's  NarratlTC. 
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atmosphere  over  the  Arctic  snows  like  other  organic  matter. 
Kane  also  found  it  mixed  with  foreign  vegetable  matters,  which 
might  perhaps  be  the  source  of  the  ammonia  necessary  for  its 
existence.  Indeed  the  snow  plant  was  always  of  a  deeper  red, 
and  in  a  more  flourishing  condition  in  proportion  to  the  quantity, 
of  this  extraneous  matter.  ^^ 

This  alga  is  found  also  upon  the  tops  of  high  mountains  above 
the  snow-line.  It  has  long  been  known  to  exist  in  the  Apennines 
and  Pyrenees  Mountains.  The  recent  discovery  of  the  snow  plant 
in  our  own  country  (in  California)  upon  the  tops  of  the  Sierra 
Nevadas,  at  an  altitude  of  10,000  feet  above  the  level  of  the  sea,^^ 
renders  the  subject  under  discussion  of  twofold  interest.  Speci- 
mens obtained  from  this  locality  show  the  same  structure  and 
microscopical  appearances  as  those  from  other  parts  of  the  world. 

Damp  places,  near  the  ocean  or  fT-esh  water,  seem  to  favor  its 
production.  The  specimens  supplied  to  Dr.  Greville  were  from 
the  shores  of  Lismore,  off  Scotland.  It  was  found  upon  reeds 
and  stones,  but  grew  to  perfection  upon  calcareous  rocks.^^ 

A  species  of  alga  ( Uredo  viridis)  of  a  greenish  color  has  been 
described.  But  Martius  refers  it  to  the  Protococcus  nivalis^  though 
in  a  different  stage  of  development. 

Other  varieties  of  colored  snow  have  been  mentioned,  which  are 
confounded  with  Protococcus.  What  is  known  as  ''brown  snow" 
is  due  to  a  discoloration  of  the  snow  by  earthy  matters  washed 
down  by  mountain  streams.  Arctic  observers  (Belcher)  speak  of 
a  red  snow  produced  by  a  species  of  little  auk  which  feeds  on 
shrimp  and  congregate  there  in  immense  numbers. 

Snow  and  ice  often  appear  colored  from  reflection.  These  illu- 
sory appearances  are  easily  explained.  Dr.  Kane  speaks  of  "  red 
ice"  which,  on  a  nearer  inspection,  proved  to  owe  its  red  color  to 
reflection.  The. same  observer  mentions  *'  blue  ice"  as  being  some- 
times seen,  and  due  to  like  causes. ^^ 

But  apart  from  all  this,  the  Protococcus  declares  its  vegetable 

"Kane's  Narratiye. 

i«It  was  also  discovered  at  an  elevation  of  6,500  feet  on  the  Cascade  Range  in  Wash- 
ington Territory  by  the  late  George  Gibbe.    See  Naturaust,  v,  p.  116, 1871.  —  Eds. 

Red  snow  is  not  seldom  found  among  the  Sierras,  in  the  so-called  Alpine  regions; 
in  Clover  Mountains,  East  Humboldt,  Nevada  and  the  Uintahs,  Arom  July  to  September. 
It  is  found  upon  old  snow  di*ifte  (vid.  U.  S.  Geol.  Explor.  of  40th  parallel,  vol.  v,  Botany, 
1871.    Page  415,  Prof.  H.  C.  Woods). 

w  Penny  Encyclopedia. 

16  Kane's  Narrative,  pp.  138-140. 
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origin.  And  yet,  why  it  should  prefer  to  make  the  snow  its  habi- 
tat, or  how  it  can  find  its  way  into  those  regions  of  frost  and  in- 
fertility, remains  a  question  which  still  perplexes  the  naturalist 
and  philosopher. 


THE   SISCO   OF   LAKE   TIPPECANOE. 

BT    PBOF.   D.   S.   JORDAN. 

A  SHORT  time  since,  I  received  from  Prof.  E.  T.  Cox,  state  geol- 
ogist of  Indiana,  a  collection  of  deep-water  "Siscoes"  taken  in 
Lake  Tippecanoe,  Kosciusko  Co.,  Indiana,  by  Judge  J.  H.  Car- 
penter of  Warsaw.  Prof.  Cox  requested  me  to  examine  these 
fishes,  and  prepare  an  account  of  their  characters  and  relation- 
ship, as  considerable  interest  is  attached  to  them  as  well  as  to  the 
fauna  in  general  of  the  "  bottomless  lakes"  of  northern  Indiana. 

I  find  them  to  be  Salmonoids  belonging  to  the  genus  Argyro- 
somus  of  Agassiz,  a  group  closely  allied  to  the  white  fishes  (Core- 
gonus)  but  distinguished  by  the  greater  development  of  the  lower 
jaw,  which  usually  projects  decidedly  beyond  the  upper,  the  re- 
verse being  true  of  Coregonus.  The  maxillary  bones  are  rather 
longer,  and  the  bones  of  the  mandible  rather  heavier,  and  the 
teeth  although  very  feeble  are  slightly  stronger  than  in  Coregonus. 
Compared  with  Coregonus  most  of  the  species  have  a  more  slender 
form  ;  hence*  their  popular  name  of  "  lake  herrings,"  although  their 
resemblance  to  the  sea  herring  is  quite  superficial. 

This  Indiana  Argyrosomus  appears  to  be  quite  distinct  from 
the  species  found  in  Lake  Michigan ;  i.  e.,  the  shallow-water  "her- 
ring" (A.  dupeiformis  Mitch.)  and  the  deep-water  "moon  eye" 
{A.  Hoyi  Gill)  and  "black  fin"  {A,  nigripennis  Gill),  and  it  is 
presumably  diflterent  from  A.  harengus  (Rich.)  and  A.  lucidus 
(Rich.),  which,  if  really  distinct  species,  seem  to  be  loose-scaled, 
shallow-water  fishes,  allied  to  A,  dupeiformis. 

It  seems  to  be  identical  with  the  "Sisco"  of  the  deep  lakes  of 
soatbem  Wisconsin,  a  fish,  which,  although  known  for  some  time 
to  naturalists,  has  not  yet,  as  far  as  I  am  able  to  ascertain,  re- 
ceived any  specific  name. 

I  have  therefore  ventured  to  describe  these  fishes  as  new,  under 


Digitized  by  VjOOQIC 


136 


THE   SISCO. 


the  name  Argyrosmaus  Sisco^^  taking  as  the  type  of  the  species 
several  specimens  —  male  and  female  —  from  Lake  Tippecanotf, 
caught  in  the  spawning  season,  about  Nov,  25,  1874.  Compari- 
sons with  A.  Hoyi  and  other  related  species  are  made  below.  I 
am  indebted  to  Dr.  Hoy  for  specimens  of  A.  Hoyi  and  the  Wiscon- 
sin **  Sisco,"  and  for  the  opinion  that  the  latter  is  entirely  distinct 
from  A,  nigripennis^  a  species  which  I  have  been  unable  to  obtain. 
This  fish  has  been  found  in  Geneva  Lake  in  Walworth  Co.,  Lake 
Mendota  in  Dane  Co.,  and,  I  think,  in  Lake  Koshkonong.  It 
should  be  noticed  that  these  lakes  belong  to  different  water  sys- 
tems, Geneva  Lake  being  drained  by  Fox  River,  a  tributary  of 
the  Illinois,  Lake  Mendota  by  Cat-fish  River,  a  branch  of  Rock 

1  Argtrosomus  Sisco  Jordan.— Form  regular,  spindle-shaped^  compressed,  slightly 
elevated  at  the  beginning  of  the  dorsal  flu;  general  outline  not  very  dilTerent  from 
others  in  the  genus. 

The  greatest  depth  of  the  body  is  contained  4  MO  times  (4  1-4  in  males,  4 1-2  in  A. 
noyi)y  in  length  ftom  tip  of  snout  to  the  end  of  the  scales  at  base  of  caudal.  The 
thickness  of  the  body  is  about  half  its  depth.  The  head  is  moderate,  pointed,  com- 
pressed and  depressed.  The  skull  is  flattish  above,  with  a  longitudmal  lidge.  The 
interorbital  space  is  slightly  wider  than  the  eye.  The  length  of  the  head  is  loss  than 
the  height  of  the  body  (nearly  equal  in  males),  and  is  contained  4  1-2  times  (4  1-3  to  5; 
4  in  >4.  Hoyi)  in  length  of  body  exclusive  of  caudal.  The  eyes  are  Inrgre  and  circular, 
and  their  diameter  is  contained  3  3-5  (3  1-2  to  3  3-4;  8 1-2  in  A.  Hoyi)  times  in  the  length 
of  the  side  of*  the  head.  The  nostrils  are  large,  nearly  midway  between  eye  and  tip 
of  snout,  and  on  the  upper  snifnce  of  tlie  head. 

The  opening  of  the  mouth  is  rather  small  and  quadrangular.  The  lower  Jaw  is 
longer  than  the  upper,  rather  less  so  than  in  A.  clupe^furmiSj  very  much  more  so  than  . 
in  A.  Hoyif  which  is  almost  Goregonus-like  in  this  respect.  A  slight  elevation  at  the 
tip  of  the  lower  jaw,  suggesting  the  **nail"  on  the  bill  of  ducks,  overlaps  and  fits  into 
a  slight  omargination  at  the  end  of  the  upper  jaw.  Margins  of  lower  jaw  with  slight 
roughnesses  re^h'esenting  teeth.  Intermaxillaries  with  minute  asperities.  Tongue 
provided  with  minute  teeth  which  however  are  readily  evident. 

Maxillarics  rather  strong,  weaker  than  in  A.  Hoyi,  contained  3  1-3  (2  3-4  in  A.  Hoyi) 
times  in  side  of  head,  not  reaching  a  vertical  line  through  the  centre  of  the  eye. 

Length  of  mandible  much  more  than  least  depth  of  tail.  2 1-8  (2  in  ^.  Hoyi)  times 
in  head.  General  characters  of  opercular  bones,  branchial  openings  and  branchioste- 
gals  as  in  other  species. 

Distance  from  occiput  to  tip  of  snout  contained  2  1-3  times  (1  7-8  in  A.  Hoyi)  in  dis- 
tance ti'om  occiput  to  beginning  of  dorsal.  Depth  of  head  at  occiput  2-3  the  length  of 
the  side  of  head. 

The  scales  are  relatively  smaller  than  in  most  of  the  other  species,  the  lateral  line 
having  84  developed  scales  (81  to  86;  15  in  A.  Hoyi,  73  in  a  specimen  of  ^.  clupei/ormis) 
besides  several  small  ones  at  the  base  ol  the  caudal,  which  form  a  concave  margin 
somewhat  parallel  with  the  fork  of  the  fln,  as  in  other  species. 

The  scales,  though  thin,  are  quite  firm,  rather  less  so  than  in  A.  Hoyi,  very  much 
more  so  than  in  the  "  Lake  Herring."  , 

The  lateral  line  is  very  evident,  nearly  straight,  and  rather  nearer  the  back  khan 
belly.    There  are  eight  series  of  scales  between  the  lateral  line  and  the  ventrals. 

The  radial  formula  is  D.  II,  9  or  10,  P.  15,  V.  12,  A.  1, 12. 

The  dorsal  fln  begins  in  ftront  of  the  ventrals  at  a  point  about  equidistant* between 
the  front  margin  of  the  eye  and  the  first  rays  of  caudal.    It  is  shoit  and  rather  high; 


Digitized  by  VjOOQIC 


THE   SI8C0.  137 

River,  while  Lake  Tippecanoe  is  one  of  the  sources  of  Tippecanoe 
River,  which  flows  into  the  Wabash.  I  have  not  heard  of  these 
fishes  in  Lake  Winnebago  or  any  water  flowing  into  Lake  Mich- 
.igan.  In  Lakes  Winnebago  and  Buttes  des  Morts  the  name 
"Sisco"  has  been  transferred  to  the  common  white  lake  bass 
{R0CCU8  chrysopa  Gill). 

Concerning  the  habits  of  the  Indiana  Sisco,  we  have  the  follow- 
ing information  from  Judge  Carpenter : 

"  Some  years  ago,  probably  flve,  these  flsh  were  discovered  on 
the  north  side  of  Tippecanoe  Lake  by  Isaac  Johnson,  and  at  each 
return  of  their  spawning  season,  which  is  in  the  last  of  November, 
they  have  reappeared  in  large  numbers.  They  are  not  seen  at 
any  other  season  of  the  year,  keeping  themselves  in  the  deep  water 

its  greatest  height  is  a  little  more  than  2-3  the  length  of  the  head.  Its  length  is  2-3  of 
Its  greatest  height.  Its  longest  ray  is  a  little  more  than  3  times  the  length  ol'  the  short- 
est, thus  giring  the  fish  a  different  form  Arom  4.  Hoyi^  in  which  the  longest  ray  of  the 
dorsal  is  nearly  4  times  the  length  of  the  shortest.  The  adipose  fin  is  rather  slender 
and  reaches  slightly  beyond  the  termination  of  the  nnal. 

The  pectorals  are  rather  long  and  pointed,  about  as  long  as  the  ventrals  and  Of 
coarse  not  reaching  nearly  to  them. 

The  rentrals  are  rather  large»  more  than  2-3  the  length  of  the  head,  falling  consider- 
ably short  of  vent.  The  accessory  scale  at  their  babe  is  rather  short  and  triangular, 
letM  than  half  the  length  of  the  fin.  The  depth  of  the  body  at  the  vent  is  contaiued  5  3-4 
(6  3*1  in  ^.  Houi)  times  in  the  length  of  the  body. 

The  caudal  iln  is  deeply  forked,  its  lobes  are  long  and  pointed,  but  in  all  my  speci- 
mens more  or  less  mutilated.  The  distance  ft'om  the  vent  to  tlie  rudimentary  caudal 
rays  is  contained  4  3-5  (4 1-2  in  ^.  Hoyi)  in  the  length  of  the  fish. 

The  color  (fl*oni  firesh  specimens),  deep  steel-blue  above  becoming  gi'adually  paler  to 
below  the  lateral  line,  where  it  changes  to  silvery.  The  arrangement  of  the  scales 
gives  an  appearance  of  longitudinal  lines  which  are  conspicuous  in  certain  lights. 

AU  the  scales  except  those  of  the  belly  are  finely  dotted  with  black,  except  on  their 
free  margins,  which  being  transparent,  show  the  dots  on  the  scales  below. 

Vertical  fins  and  tips  of  paired  fins  also  thickly  punctate,  as  well  as  the^kin  of  the 
head,  particularly  above  and  on  the  maxlUaries  and  suborbitals. 

These  black  dots  seem  to  be  of  specific  importance  as  they  occur  in  both  Wisconsin 
and  Indiana  specimens.  They  are  not  noticeable  on  A,  Eoyi.  excepting  on  the  head. 
The  latter  is  a  more  brilliantly  colored  fish,  its  scales  having  a  peculiar  rich  silvery 
lustre  wanting  in  the  Sisco. 

Average  length  of  specimens  examined,  9 1-2  inches,  including  the  caudal  fin,  being 
thus  larger  than  A.  Hoyi,  which  rai-ely  exceeds  7.  The  largest  specimen  of  the  Sisco 
seen  meat^ures  10  1-2  inches.  Larger  individuals  sometimes  occur.  Mr.  Carpenter 
writes  that  •*  occasionally  one  is  caught  weighing  1 1-2  to  2  pounds,  but  it  is  very  unu- 
sual to  find  them  so  large.'' 

The  single  specimen  in  my  possession  of  the  Wisconsin  Sisco  agrees  in  the  main 
with  the  above,  but  it  is  a  slimmer  fish  (perhaps  owing  to  sex  or  season),  the  depth 
being  contained  6  times  in  the  length  of  the  body,  the  het^d  4  2-3  and  the  eye  4  times  In 
the  head.  The  maxillary  is  longer,  2  7-8  in  length  of  head,  the  depth  at  the  vent  6  3-4  In 
the  length  of  the  body,  and  the  distance  from  vent  to  base  of  caudal  only  4  times.  The 
scales  are  obviously  larger,  there  being  but  77  in  the  course  of  the  lateral  line.  To  how 
much  weight  these  differences  are  entitled  can  only  be  told  by  a  comparison  of  a  num* 
ber  of  specimens. 
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of  the  lakes.  The  general  opinion  is  that  they  will  not  bite  at  a 
hook,  but  Mr.  Johnson  says  that  he  has  on  one  or  two  occasions 
caught  them  with  a  hook.  To  my  knowledge  they  have  never  been 
found  in  but  two  of  our  lakes,  Tippecanoe  and  Barber's,  which  are 
both  large  lakes  and  close  together,  as  will  be  seen  by  reference  to. 
the  map. 

The  spawning  season  lasts  about  two  weeks  and  they  come  in 
myriads  into  the  streams  which  enter  the  lakes.  There  are  large 
numbers  of  persons  who  are  engaged  night  and  day  taking  them 
with  small  dip  nets.  They  are  caught  in  quantities  that  would 
surprise  you,  could  you  witness  it.  Those  who  live  in  the  neigh- 
borhood put  up  large  quantities  of  them,  they  being  the  only  fish 
caught  in  the  lakes  that  will  bear  salting.  Some  gentlemen  who 
have  been  fishing  to-day  (Dec.  8)  inform  me  that  the  run  is  abating 
and  that  in  a  few  days  the  fishes  will  have  taken  their  departure 
for  the  deep  water  of  the  lakes,  and  will  be  see^i  no  more  until 
next  November." 

As  far  as  T  can  learn,  the  habits  of  the  Wisconsin  Sisco  are  sim- 
ilar, but  they  seem  to  be  much  less  abundant.  Fishermen  say 
that  specimens  were  once  sent  to  Prof.  Agassiz,  who  pronounced 
them  something  ''  new  and  extremely  rare."  Specimens  procured 
for  me  last  year,  by  Prof.  Copeland,  cost  a  dollar  apiece  of  the 
fisherman,  which  shows  the  high  v^ue  attached  to  these  fishes,  as 
A,  dupeiformis  when  taken  from  the  nets  is  not  worth  more  than 
ten  cents  a  dozen. 

Concerning  the  Lake  Michigan  species  Dr.  Hoy  writes  me,  "-4. 
nigripennis  is  a  large,  magnificent  fish.  It  can  be  known  at  once 
by  the  black  fins.  It  is  never  caught  in  less  than  60  fathoms,  and 
not  in  large  numbers  till  you  reach  a  depth  of  70  fathoms.  The 
A.  Hoyi  is  the  smallest  of  the  Salmonidae,  if  I  am  not  mistaken. 
It  never  approaches  the  shoal  water,  where  A,  Artedi  (-=^.  dupei- 
formis)  is  only  found.  About  30  or  40  fathoms*  is  as  near  shore 
as  it  has  ever  been  captured  here.** 
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BOTANICAL  OBSERVATIONS  IN  SOUTHERN  UTAH.  II. 

BY  DR.    C.   C.    PARRY. 

On  the  8th  of  May  an  opportunity  offered  of  making  an  excur- 
sion in  a  southwestern  direction  to  tlie  Beaver-dam  Mountains, 
about  twenty  miles  from  St.  George.  This  range  forms  a  high 
dividing  ridge  extending  in  a  southeast  course,  separating  the 
valleys  of  the  Santa  Clara  and  Muddy  Rivers,  which  are  the  prin- 
cipal northeastern  tributaries  to  the  Rio  Virgen.  Through  this 
mountain  mass,  composed  of  variously  inclined  sedimentary  rocks 
made  up  of  alternate  strata  of  sandstone,  limestone,  and  varie- 
gated marls,  with  immense  beds  of  gypsum,  the  main  stream  of  the 
Virgen  cleaves  its  way  by  an  impassable  canon.  Our  route  after 
crossing  the  Santa  Clara  near  its  mouth,  then  flooded  with  melted 
snow  and  turbid  from  the  dissolved  mud  of  its  lower  alluvial  banks, 
followed  up  one  of  the  "  dry  washes,"  as  they  are  significantly 
termed,  leatiing  more  directly  towards  the  mountain  slope.  Along 
the  course  of  this  sandy  bed,  the  "desert  flowering  willow"  {CMl- 
opsia  linearis)  was  abundant,  though  not  yet  fully  leaved  out,  nor 
offering  any  display  of  its  showy  Catalpa-like  blossoms.  Still 
more  conspicuous  at  this  season  of  the  year  was  the  Cowania 
Mexicana^  then  completely  covered  with  a  profusion  of  pure  white 
flowers,  almost  hiding  from  view  its  finely  divided  varnished  leaves. 
A  pleasant  balsamic  fragrance,  exhaled  in  the  clear  atmosphere 
from  this  charming  shrub,  lent  additional  attractions  which  seemed 
to  be  appreciated  by  a  swarm  of  hovering  insects.  The  adjoining 
uplands  were  composed  of  various  colored  clay  and  sandy  knolls, 
often  fantastically  washed,  and  intersected  by  miniature  ravines 
and  deep  basins.  The  vegetation  on  these,  slopes  was  mainly 
composed  of  the  prevalent  Chenopodiacese,  occasionally  set  off  by 
the  more  graceful  forms  of  Larrea,  Algarobia,  or  the  showy  Dalea 
Johnsanu  Amid  the  more  usual  forms  of  undergi-owth,  made 
familiar  in  my  rambles  near  St.  George,  my  attention  was  drawn 
at  a  single  locality  to  a  showy  Papaveraceous  plant,  with  nodding 
white  flowers,  in  which  I  was  delighted  to  recognize  the  Arcto- 
mecon  Califomicum  Torr.  (No.  6),  collected  only  by  Fremont 
thirty  years  ago,  and  figured  and  described  in  his  report  from  a 

(189) 
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«'"'^le  specimen.     The  present  collection,  since  supplemented  by 

ure  fruiting  specimens,  furnishes  the  means  of  completing  the 

cription  of  this  interesting  plant,  which  seems  to  differ  from 

original  figure  in  its  less  hairy  leaves,  four  (not  six)  valved 

Bule  and  more  csespitose  habit.     The  fruiting  specimens  show 

cescent  petals,  persisting  after  the  maturity  of  the  seed,  and  an 

rsion  of  the  upper  third  of  the  triangular  valves,  leaving  the 

jental  ribs  connected  at  the  summit  with  the  united  stigmas 

forming  a  basket  in  which  the  shining  black  seeds  lie  loosely 

so  many  eggs.     The  plant  is  apparently  biennial,  with  deep 

roots,  the  broken  stem  and  leaves  giving  out  a  j'ellowish  sap. 

the  two  localities  where  found  it  grew  in  a  loose  marly  soil, 

>ngly  impregnated  with  gypsum. 

>n  reaching  a  higher  elevation  on  a  continuous  upward  grade 
•e  was  brought  to  view  a  greater  profusion  of  plants  and  shrub- 
\\  conspicuous  among  which  may  be  noted  Audibertia  incana^ 
zajyne  ra7)iosi88ima^  and  a  casspitose  yellow-flowered  Mamilla- 
{M.  chlorantha  Engel.,  ined.).  At  our  nooning  place,  having 
jhed  an  elevation  of  not  less  than  one  thousand  feet  above  the 
ey  of  the  Virgen,  a  deep  gorge  in  the  limestone  rocks  afforded 
5ant  supply  of  water.  In  the  abrupt  face  of  these  perpendicu- 
rocks,  a  delicate  fern  was  noticed,  which  Prof.  Eaton  has  dc- 
oined  to  be  identical  with  the  Notholvsna  tenera  Gillies,  from 
South  American  Andes,  not  before  found  in  North  America, 
ing  to  the  shortness  of  our  stay  and  the  difficulty  of  securing 
simens  from  the  inaccessible  positions  in  which  they  grew, 
f  scanty  collections  were  made,  but  the  locality  is  so  readily 
itified  that  some  future  botanist  will  be  able  to  supply  the  de- 
\d  for  this  interesting  addition  to  North  American  Filices. 
er  plants  afforded  by  this  locality  were  the  diminutive  (Eno- 
'a  pterosperma  Watson  (No.  70),  Astragalus  arrectus  (No.  45), 
tU  Phacelia  of  a  climbing  habit  with  foliage  resembling  P.  tan- 
ifoliay  but  apparently  distinct,  Phacelia  ramosissima  Benth. 
).  184)  and  a  robust  showy  form  of  Eriogonum  ovalifolium  Nutt. 
).  241). 

"arther  on  in  our  upward  ascent,  we  reach  a  growth  of  clumpy 
ars,  being  the  common  species  of  this  country,  extending  from 
[e  Utah  to  Arizona.  This  is  the  Janiperua  t^tragona^  var.  oste- 
srma  Torr.,  since  determined  by  Dr.  Engelmann  to  be  a  variety 
\ahen8is  ined.)  of  the  western  species,  Juniperus  Califomica, 
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It  is  readily  distinguished  from  the  more  common  Juniperus  occi- 
dentalis  Hook.,  with  which  it  is  probably  associated  farther  south, 
by  its  larger  green  mealy-coated  fruit,  one-seeded,  with  a  hard 
stony  shell,  the  mature  fruit  fading  chocolate-brown,  not  purple, 
etc.  With  this  tree  at  all  higfi  elevations  the  common  "Pinon" 
(Pinus  eduUs  Engel.)  is  quite  constantly  associated.  The  under- 
growth here  exhibits  less  of  a  desert  feature  in  the  presence  of 
such  plants  as  Streptanthus  cordatus  Nutt.  (No.  10),  PentstemOn 
puniceus^  var.  (No.  152),  Phlox  canescens  Torr.  &  Gray  (No.  186), 
Eritrickium  leucophceum  DC.  (No.  166).  Quite  a  conspicuous  fea- 
ture in  the  floral  landscape  was  presented  by  dense  clumps  of  Berbe- 
ris  Fremont  a  Torr.  (No.  5),  then  in  full  flower,  its  bright  yellow 
racemes  contrasting  prettily  with  its  stiff  spiny  holly-like  leaves. 
Near  the  close  of  the  day  in  ascending  the  last  sloping  ridge, 
leading  down  on  the  opposite  side  to  the  wide  desert  plain  through 
which  the  Muddy  courses  to  unite  with  the  Virgen,  we  flrst  recog- 
nized one  of  the  principal  objects  of  our  journey  in  the  singular 
forms  of  that  remarkable  desert  production,  Yucca  brevifolia  Engel. 
This  is  universally  known  among  the.  Mormon  settlers  under  the 
name  of  "  The  Joshua.**  The  mail  rider  over  these  desert  tracts 
had  furnished  us  weekly  reports  of  its  progress  in  flowering,  so  that 
we  were  constantly  on  the  lookout  for  a  first  view  of  what  had 
never  yet  been  examined  by  a  scientific  botanist.  At  first  a 
few  scattering  clumps  of  the  peculiar  stiff  spiny  leaves  that  char- 
acterize this  genus  of  plants  attracted  attention,  then  some  gaunt 
forms  raised  on  withered  trunks  revealed  the  identical  species. 
On  hastening  forward  to  a  more  vigorous  growth,  where  the  masses 
of  compact  fiowers  were  visible  at  a  distance  crowning  the  top  of 
the  upper  branches  or  main  axis,  we  soon  had  one  of  the  lower 
flowering  stems  ruthlessly  torn  down  for  a  closer  inspection.  The 
first  feeling  was  one  of  disappointment ;  the  flowers,  crowded  in  a 
close  pyramidal  head,  failed  to  exhibit  the  ordinary  graceful  forms 
pertaining  to  the  Liliaceae.  The  perianth  was  of  a  dull  greenish- 
white  color,  its  divisions  long-linear,  thickened  and  confusedly 
massed  together,  while  the  odor  given  out  was  decidedly  foetid, 
seeming  to  present  special  attractions  only  to  various  beetles  and 
insect  larv».  An  examination  of  the  inflorescence  shows  a  regu- 
larity such  as  the  botanist  would  expect :  the  upper  leaves  of  the 
flowering  branch  gradually  becoming  bract-form  subtend  in  their 
axils  small  jointed  flower-stems,  with  the  lower  flowers  generally 
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arranged  in  threes.  These  in  continuing  their  spiral  arrangement 
on  the  main  axis  form  the  condensed  mass  of  flowers  which,  open- 
ing from  below  upwards,  prolong  the  flowering  process  for  several 
weeks.  Only  a  few  of  the  flowering  stems  perfect  fruit,  and  occa- 
sionally (as  during  the  present  season)  all  prove  abortive,  possibly 
owing  to  the  absence  of  some  insect  agency  for  elffecting  fertiliza- 
tion. In  the  desert  districts  lower  down,  where  this  species  es- 
pecially flourishes,  the  flowering  heads  are  said  to  weigh  frequently 
over  fifty  pounds. 

The  material  and  notes  now  supplied  will,  it  is  hoped,  enable 
Dr.  Engelmann  who  has  made  a  special  study  of  this  genus,  to 
complete  the  technical  description  of  this  remarkable  species. 

A  short  ramble  on  the  following  morning  in  the  vicinity  of  our 
camp  brought  to  view  some  other  points  of  botanical  interest. 
Quite  common  on  loose  gravelly  slopes  occurred  the  neat  species  of 
Ranunculus,  R.  Andersonii^  Gray  (No.  2).  This  diflers  from  the 
figure  and  description  in  Watson's  Bot.  King's  Exp.,  in  its  con- 
stant branching  habit,  rendering  this  variety  better  suited  for  hor- 
ticultural purposes.  Its  marcescent  petals  seem  to  retain  to  some 
extent  their  bright  color  and  streaks  after  the  maturity  of  the 
achenia. 

Here  also  were  found  the  singular  Rutaceous  shrub,  Glossopetdlon 
spinescens  Gray  (No.  27),  and  Spircea  Millefolium  Torr.,  which 
closely  simulates  Chamcebatia  foliolosa  Benth.  Along  the  edges  of 
dry  ravines  Astragalus  eriocarpus  Watson  (No.  44)  was  quite  fre- 
quent, usually  associated  with  Eritrichium  leucophceum  DC.  (No. 
166)  and  the  handsome  Pentstemon  puniceus  Gray  (No.  152). 
On  the  summit  of  a  high  limestone  ridge  overlooking  the  valley  of 
the  Muddy,  was  seen  for  the  first  time  the  dwarf  species  of  Agave, 
A.  Utahensis  Engel.  This  species,  which  adheres  quite  closely 
to  crevices  in  the  limestone  rocks,  forms  extensive  patches  by 
sending  out  ofllsets,  so  that  in  cultivation  it  could  be  readily  prop- 
agated, making  an  interesting  addition  to  the  class  of  hardy  pot 
plants.  At  the  time  of  our  visit  it  was  just  sending  up  its  flower- 
ing stalks,  too  early,  however,  for  securing  herbarium  specimens, 
which  had  been  supplied  in  the  collections  of  Dr.  Palmer  four 
years  previous,  from  which  the  original  description  was  drawn. 

The  hast^  return  trip  to  St.  George,  loaded  down  with  Yuccas, 
Cacti,  and  Agaves,  did  not  affbrd  much  opportunity  for  excursive 
botanizing. 
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With  the  advent  of  prolonged  summer  heat  the  ^jriogonese 
became  especially  prevalent  both  in  variety  of  spfecies  and 
number  of  individual  forms.  Thus  with  the  exception  of  Nema- 
caulis  and  Lastarriaea  (the  latter  probably  lately  introduced  into 
California  ft*om  Chili),  we  have  representatives  of  all  the  North 
American  genera  of  the  tribe.  Of  these,  Eriogonum  includes 
eleven  species,  Chorizanthe  two,  Oxytheca,  Centrostegia  and 
Pterostegia,  one  each.  Of  the  slender  annual  species  of  Erio- 
gonum some  are  remarkably  gregarious  in  their  mode  of  growth, 
forming  dense  patches  that  give  a  singular  aspect  to  the  bare 
landscape.  This  is  particularly  marked  in  E.  reniforme  Torr. 
(No.  237)  and  E.  trichopodum  Torr.  (No.  240).  More  iiTegu- 
larly  scattered  over  rocky  slopes  occurs  the  singular  fistulous- 
stemmed  species  Eriogonum  inflatum  Torr.  (No.  230)  ;  this  from 
the  peculiar  bulging  appearance  of  its  main  stalk  and  upper 
branches,  sometimes  fully  one  inch  in  diameter,  has  received  the 
fanciful  popular  name  of  "bottle  stoppers."  Early  in  the  sea- 
son the  young  and  tender  shoots  afford  an  agreeable  sub-acid 
juice  not  unwelcome  to  the  thirsty  traveller  over  these  arid  tracts, 
in  lack  of  more  attractive  cheer  suggested  by  the  above  popular 
name.  Later  in  the  season  E.  Parryi  Gray,  n.  sp.  (No.  239),  with 
its  broad  cordate  leaves  and  divaricately  branching  flower  stem, 
is  commonly  met  with  on  rocky  slopes,  being  usually  associated 
with  Chorizanthe  brevicomu  Torr.  (No.  230)  and  Chorizanthe  riijida 
Torr.  (No.  281).  On  dry  sandstone  rocks,  Eriogonum  racemosum 
Nutt.  (No.  284)  is  conspicuous,  and  in  favorable  localities  there  is 
an  abundance  of  the  singular  Oxytheca  perfoliata  Torr.  &  Gray 
(No.  228)  and  Centrostegia  Thurberi  Gray  (No  232). 

Not  infrequent  in  the  shade  of  overhanging  rocks  adjoining  the 
Virgen  is  a  very  neat  species  of  Symphoriearpus  recently  described 
by  Professor  Gray  under  the  name  of  S,  longiflorus  (No.  87). 
This  shrub  forming  dense  clumpy  masses,  with  slender  branches, 
small  foliage,  and  delicate  white  flowers  streaked  with  pink,  would 
make  an  interesting  addition  to  this  class  of  common  cultivated 
shrubs ;  unfortunately  the  flowering  season  was  too  late  to  secure 
mature  fruit  to  determine  its  scientific  characters  or  make  it  avail- 
able for  garden  cultivation.  Quite  constantly  associated  with  the 
above  is  a  slender-leaved  suffruticose  Arenaria,  A,  Fendleri^  var. 
glabreacens  Watson  (No.  20),  which  from  its  peculiar  habit  and 
mode 'of  growth  it  is  diflScult  to  regard  as  a  mere  variety  of  that 
widely  spread  subalpine  species. 
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Araong^the  rarities  of  this  section  must  be  noted  a  well  marked 
now  species  of  the  peculiar  southwestern  genus  Petalonyx,  char- 
acterized by  Prof.  Gray  as  P.  Parry i  n.  sp.  (No.  75),  this  making 
a  second  recent  addition  to  the  genus.  Of  this  only  a  single  plant 
was  met  with,  forming  a  low  bush  with  remains  of  dead  stalks, 
especially  conspicuous  at  a  distance  from  the  faded  leaves  of  the 
previous  season's  growth,  exhibiting  a  pure  pearly  white.  The 
delicate  cream-colored  blossoms,  with  exserted  style  and  stamens, 
reminded  one  of  Lonicera,  but  the  polypetalous  flowers  and  the 
peculiar  hairy  brittle  leaves  designated  it  at  once  as  belonging 
to  the  Loasaoeoe.  A  diligent  search  over  the  dry  gi'avelly  and 
alkaline  soil,  where  it  was  found  associated  with  the  common 
''grease  woods"  of  this  region,  failed  to  bring  to  light  any  other 
plants,  so  that  this  single  locality*  precariously  situated  within  a 
stone's  throw  of  the  great  Mormon  temple,  does  not  encourage  the 
hope  of  a  prolonged  existence  for  the  benefit  of  future  botanists. 
Another  interesting  plant  of  this  same  family  was  also  met  with 
in  crevices  of  denuded  sandstone  rocks  near  the  Santa  Clara. 
This  I  recognized  at  once  as  an  old  acquaintance,  having  several 
years  previously  collected  imperfect  specimens  of  the  same,  past 
flowering,  on  the  Lower  Colorado.  Of  this,  provisionally  named  in 
a  manuscript  list  Eucnide  urens  Parry,  full  material  has  now  been 
collected,  from  which  Prof.  Gray  has  recently  published  a  descrip- 
tion in  the  Proceedings  of  the  American  Academy,  Vol.  x,  pp.  71- 
72,  under  the  name  Mentzelia  {Eucnide)  urens^  n.  sp.  (No.  79). 

Another  plant  especially  worthy  of  notice  belongs  to  the  nat- 
ural order  Asclepiadacece,  It  is  a  small  twining  milk-weed,  gi'ow- 
ing  in  loose  drifting  sand,  in  which  tbe  thick  tap  roots  are  deeply 
buried ;  these  send  up  several  slender  stems,  which  cling  to  the 
scanty  shrubbery  or  lie  prostrate  on  the  scorching  sand,  where 
blown  about  by  the  wind  they  form  irregular  and  constantly  chang- 
ing circles.  The  small  umbels  of  flowers  in  the  axils  of  the  upper 
leaves  are  of  a  dull  3'ellow  color  and  are  without  the  usual  homy 
appendages.  Dr.  Kngelmann,  to  whom  speciitiens  have  been  sent, 
has  characterized  it  in  the  accompanying  list  under  the  name  of 
Astephanus  Utahensis^  n.  sp.  (No.  209). 

A  frequent  associate  of  this  latter  plant  is  the  little  known 
Dicoria  canescena  Gray,  an  annual  composite  plant  allied  to  Fran- 
seria.  In  similar  dry  sandy  soil  was  also  found  Franseria  eriocen- 
tra  Gray,  forming  an  irregularly  branched  bushy  shrub  two  to 
three  feet  in  height. 


Digitized  by  VjOOQIC 


BOTANICAL  OBSERVATIONS  IN  SOUTHERN  UTAH.        145 

With  the  disappearance  of  the  ordinary  class  of  desert  annuals, 
the  early  summer  rains  bring  forward  a  peculiar  set  of  composite 
plants,  remarkable  for  their  strong  odor,  due  to  a  large  develop- 
ment of  oil-bearing  glands.  These  include  two  species  of  Psa- 
thyrotes,  viz.,  P.  annua  Gray  (No.  114)  and  P.  ramosissima  Gray 
(No.  115).  Besides  these  is  a  plant  not  seen  by  me,  probably  a 
Pectis,  which  spreads  over  the  ground  in  prostrate  mats,  its  foliage 
so  strongly  charged  with  an  aromatic  oil  that  it  is  extracted  by  a 
rough  process  of  distilling  for  domestic  use,  the  plant  receiving 
the  popular  name  of  "  head-ache  weed."  Later  in  the  season  my 
attention  was  mainly  taken  up  in  the  collection  of  seeds.  This 
though  generally  tedious  and  uninteresting,  especially  when  requir- 
ing exposure  to  the  hot  mid-day  sun,  yet  offered  not  a  few  points 
of  peculiar  attraction.  It  was  instructive  in  passing  over  these 
arid  tracts  to  note  the  provision  made  for  scattering  or  preserving 
these  necessary  products  for  the  succeeding  season's  growth. 
Thus  the  evanescent  annuals  drop  their  seeds  in  the  loose  sandy 
or  gravelly  soil  or  rock  crevices,  in  the  most  suitable  conditions 
for  retaining  their  vitality  during  the  hot  dry  season,  while  the 
withered  stems,  having  fulfilled  their  part  in  the  processes  of  growth 
and  reproduction,  dry  up  and  are  blown  away.  Deep  sun-cracks 
in  the  strongly  impregnated  gypseous  spil  receive  the  seed  of  the 
future  crop  of  annual  (Enotheras,  Gilias,  Phacelias  and  Eriogo- 
nums,  to  be  covered  up  by  the  first  rains.  The  species  of  Com- 
posiUe,  not  so  generally  here  as  elsewhere  provided  with  a  feathery 
pappus  for  transporting  their  seeds,  maintain  their  foothold  by 
unusual  productiveness.  Even  in  the  case  of  Glyptopleura  setu- 
losa  Gray,  which  seems  amply  furnished  with  a  light  capillary 
pappus,  it  is  rare  to  find  the  aigrette  expanded,  and  the  matured 
achenia  remain  enclosed  in  the  involucre,  thus  leaving  them  to  be 
planted  in  the  loose  soil  with  the  dried-up  remains  of  the  parent 
stem.  Another  instructive  example  is  presented  by  Tetradymia 
ttpinosa  H.  &  A.,  in  which  the  seeds  are  wholly  covered  with  a 
white  woolly  down,  and  at  the  season  of  maturity  are  thickly  scat- 
tered over  the  arid  tracts  in  which  it  grows,  gathered  by  the  wind 
like  snow  drifts,  into  every  sheltered  nook,  or  clinging  to  the  ad- 
hesive hairs  of  branching  Mentzelias. 

Bulbous  plants,  such  as  Androstephium  and  Calochortus,  hide 
their  newly  formed  bulbs  in  the  gravelly  soil  at  depths  practically 
inaccessible  to  all  but  curious  botanists  or  hungry  Indians.     A 
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singolar  arrangement  for  shooting  seeds  was  brought  to  my  atten- 
tion in  the  case  of  GUia  setosissima  Gray.  Wishing  to  collect, 
somewhat  largely  of  the  seeds  of  this  neat  little  annual,  I  watched 
more  closely  than  usual  the  maturity  of  the  capsules.  In  most  of 
the  other  species  of  this  prevalent  genus,  there  is  a  succession  of 
flowers  and  maturing  capsules,  which  latter  opening  at  the  summit 
discharge  their  seeds  while  the  plant  is  still  producing  flowers, 
thus  rendering  it  difficult  to  secure  a  large  quantity  of  seed  with- 
out including  capsules  not  sufficiently  mature.  But  in  the  case  of 
OUia  setosiasima^  all  the  capsules  remain  tightly  closed  till  the 
whole  plant  becomes  dry  and  brittle.  In  then  gathering  seed  by 
picking  each  plant  separately,  I  noticed  the  seed  projected  with 
some  force  against  my  hand.  On  closer  examination  I  found  that 
these  capsules  open  from  below  upwards,  and  that  the  tension  ac- 
cumulated by  the  shrinking  of  the  tissues  in  the  process  of  drying 
gives  an  elastic  spring  to  the  three  separating  valves  when  released 
from  their  attachment  at  the  base  of  the  calyx,  that  throws  the 
contained  seed  from  two  to  six  feet.  After  making  this  discovery 
it  was  interesting  to  watch  the  process  by  loosening  the  attachment 
of  the  valves  with  the  point  of  a  knife,  and  see  how  far  they  would 
shoot.  The  majority  of  the  seeds  were  scattered  within  a  radius 
of  two  feet,  while  in  the  plumper  capsules  the  shots  took  effect  to 
a  distance  of  six  feet  or  more.  The  three  separated  valves  of  the 
capsules  on  account  of  their  light  chaffy  texture  were  not  thrown 
as  far  as  the  seeds. 

A  similar  character,  thoqgh  less  marked,  was  also  exhibited  in 
certain  species  of  casspitose  Phlox,  though  in  this  latter  case  the 
explosions  observed  occurred  some  time  after  the  capsules  were 
detached  from  the  calyx.  The  conclusion  arrived  at  is  that  the 
character  of  explosive  capsules  in  this  particular  family  is  peculiar 
to  those  that  open  at  the  base  instead  of  the  summit. 

In  the  succeeding  paper  I  shall  conclude  this  account  of  botani- 
cal observations  in  Southern  Utah  by  a  notice  of  a  short  excursion 
to  the  alpine  district  of  Pine  Mountain,  and  a  more  prolonged  stay 
in  the  vicinity  of  Cedar  City,  including  a  visit  to  the  elevated  sheep 
pasture  in  the  adjoining  mountain  range, — to  be  followed  by  an 
appendix  containing  a  full  list  of  the  plants  collected,  with  de- 
scriptions of  the  new  or  imperfectly  known  species. 
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BY  DR.  ELLIOTT  COUES,  U.S.A. 

The  subject  of  the  present  history  is  one  of  a  large  group  of 
small  quadrupeds  inhabiting  the  western  half  of  North  America, 
from  Mexico  to  the  Arctic  Ocean,  as  well  as  a  large  portion  of 
the  northern  hemisphere  in  the  Old  World.  They  belong  to  the 
family  of  the  squirrels  (Sciuridce)  ;  in  fact,  they  are  squirrels  mod- 
ified in  a  particular  way  for  a  terrestrial  instead  of  arboreal  mode 
of  life.  We  are  all  familiar  with  the  common  little  chipmunk 
of  the  eastern  states,  Tamias  striatus^  and  know  that,  on  com- 
parison with  a  true  tree  squirrel,  it  differs  in  having  a  shorter  and 
less  bushy  tail,  in  possessing  large  cheek  pouches,  etc.  Now 
Tamids  is  just  one  step  away  from  Sciurus  towards  the  genus 
SpermopMlus ;  and  this  genus  is  the  group  to  which  the  prairie 
gopher  belongs.  In  fact  Tamias  and  SpermopMlus  very  nearly 
run  together,  so  gradual  is  the  transition  among  the  severa]  spe- 
cies. K  we  were  to  take  a  chipmunk  and  crop  its  ears  down 
close,  cut  off  about  a  third  of  its  tail,  give  it  a  blunter  muzzle, 
and  make  a  little  alteration  in  its  fore-feet,  so  that  it  could  dig 
better,  we  should  have  a  pretty  good  spermophile,  to  all  intents 
and  purposes.  A  little  further  change  in  the  same  points  would 
make  a  prairie  dog,  which  is  a  kind  of  spermophile,  though  now 
placed  in  a  different  genus  (Cynomys).  An  extreme  of  modifica- 
tion, still  in  the  same  direction,  gives  us  tl^  squat,  heavy  wood- 
chucks,  ArctomySy  between  which  and  the  lithe  graceful  tree 
squirrels  we  see  that  the  chain  of  beings  is  unbroken.  We  see 
now  just  the  links  which  the  spermophiles  furnish.  They  are  ter- 
restrial, fossorial,  gregarious  squirrels  —  by  which  I  mean  that 
they  live  sociably  in  burrows  under  ground.  The  broad  prairie 
is  their  home.  Though  one  or  two  speqies  are  found  in  wooded 
places,  yet  they  rarely,  if  ever,  climb  trees,  and  are  only  at  home 
in  perfectly  open  gi'ound.  This  fact  alone  determines  their  geo- 
graphical distribution.  Only  two  species  are  found  at  all  east  of 
the  Mississippi,  and  these  too  haunt  the  prairie.  But  they  occur 
in  profusion  from  the  plains  to  the  Pacific,  from  Mexico  northward. 

Now  that  we  have  some  idea  of  the  animals,  the  next  thing  is 
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to  find  a  name  for  them.  "  Ground  squirrel  "  would  be  unobjec- 
tionable and  indeed  appropriate,  but  that  is  already  in  use  for  the 
species  of  Tamias,  "  Marmot "  is  sometimes  used,  the  present 
species  being  the  tawny  marmot  of  some  writers,  but  this  is  the 
name  of  the  woodchucks  {Arctomys).  "Spermophiles"  they  have 
been  called ;  but  this  word  is  so  thoroughly  un-English  that  it  will 
probably  stay  in  the  learned  books  where  it  arose.  Naturalists,  in 
fact,  have  no  English  name  for  these  animals.  But  by  the  people 
who  live  among  them  they  are  universally  called  ^'  gophers ; "  and 
as  this  name  will  certainly  stick  in  the  vernacular  for  all  time,  we 
may  as  well  accept  it.     We  will  say  "  gopher,"  then.  * 

I  elect  to  write  about  the  prairie  gopher  —  as  I  shall  call  that 
particular  species  known  in  the  books  as  Spermophilus  Richard- 
8oni  —  for  several  reasons.  In  the  first  place,  I  know  more  about 
it  than  I  do  about  any  other  species  of  the  genus  at  present. 
Secondly,  nobody  else  seems  to  know  much  about  it.  Thirdly,  it 
is  one  of  the  most  abundant  animals  of  our  country,  occurring  by 
hundreds  of  thousands  over  as  many  square  miles  of  territorj-,  al- 
most to  the  exclusion  of  other  forms  of  mammalian  life.  Millions 
of  acres  of  ground  are  honeycombed  with  its  burrows.  Through- 
out a  vast  stretch  of  country  in  the  northwest,  gopher-holes  and 
buflfalo-chips  are  the  most  noticeable  points  about  the  landscape. 
How  far  from  being  exhausted  is  the  natural  history  of  the  United 
States,  when  of  such- an  animal  as  this  next  to  nothing  to  the 
point  is  found  written  down  about  it,  beyond  a  description  of  its 
skin  and  skull  and  a  sketch  of  those  characteristics  which  it  shares 
with  other  Spermophilil  Until  recently',  indeed,  a  stuffed  skin  of 
the  prairie  gopher  was  something  of  a  rarity.  Let  me  make  such 
statements  good :  the  latest  authority  on  North  American  mam- 
mals says  no  specimens  of  this  species  were  collected  by  any  of 
the  Pacific  railroad  expeditions,  and  makes  use  of  one  in  the  Phil- 
adelphia Academy  for  description,  collected  in  the  Rocky  Moun- 
tains by  Townsend  more  than  thirty  years  ago.  Prof.  Baird  is 
further  at  pains  to  record  the  fact  that  in  1855  Dr.  Hay<len  met 
with  a  small  spermophile,  probably  of  this  species,  in  considerable 
numbers,  north  of  Fort  Union,  but  was  unable  to  procure  speci- 
mens;  and  goes  back  to  Sir  John  Richardson  (1829)  for  some 
further  items  of  geogi'aphical  distribution.  Audubon's  biography 
is  almost  entirely  from  Townsend,  who  evidently  knew  the  animal 
well,  and  is  very  good,  as  far  as  it  goes. 
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During  a  considerable  portion  of  two  years,  my  line«  have  been 
cast  in  the  very  home  of  these  animals ;  at  any  rate,  I  fancy  they 
cannot  be  more  abundant  anywhere  else.  I  have  crossed  the 
.  continent  by  another  route,  much  farther  to  the  southward,  but 
I  never  saw  any  animals — not  even  buffalo— in  such  profusion.  I 
have  ridden  for  days  and  weeks  where  they  were  continuously  as 
numerous  as  prairie  dogs  are  in  their  populous  villages.  Their 
numbers  to  the  square  mile  are  vastly  greater  than  I  ever  ascer- 
tained those  of  S.  Beecheyi^  the  pest  of  California,  to  be,  under 
the  most  favorable  conditions.  In  a  word,  their  name  is  legion. 
If  Dakota  and  Montana  were  the  garden  of  the  world  (which  they 
are  not,  however),  either  the  gophers  or  the  gardeners  would  have 
to  quit. 

Should  certain  portions  of  the  Territories  just  mentioned  ever 
come  to  be  settled,  the  little  gophers  will  contend  with  the  hus- 
bandmen for  the  land  more  persistently  and  successfully  than  the 
Indians  can  hope  to.  Already,  though  the  population  of  the 
gopher  districts  has  consisted  principally  of  Indians  and  certain 
British-American  surveying  parties,  these  insignificant  quadrupeds 
have  killed  men  and  horses.  Their  holes  are  small,  but  many  of 
them,  like  the  burrows  of  the  badgers,  foxes  and  prairie  wolves, 
will  admit  a  horse's  hoof.  The  risks  run  iit  buffalo  hunting  on 
horseback  spring  chiefly  f^om  this  source;  what  little  the  huge 
beasts  themselves  can  accomplish  in  self-defence  is  utterly  insig- 
nificant in  comparison  with  this  ever  present  danger.  In  some 
regions  it  is  impossible  to  gallop  a  hundred  yards  except  at  risk  of 
life  or  limb. 

My  observations  on  the  prairie  gopher  have  been  confined  to  a 
narrow  belt  of  ground  along  the  parallel  of  49**.  Exactly  how  far 
they  range  on  either  hand  I  am  unable  to  say  —  probably  farther 
north  than  south.  Perhaps  the  upper  Missouri  may  nearly  limit 
their  dispersion  southward.  Speaking  generally,  they  extend  ft'om 
the  Red  River  of  the  North  to  the  Rocky  Mountains.  Baird 
speaks  of  their  occurrence  in  Michigan ;  but  I  never  saw  any  in 
Minnesota,  nor  indeed  in  the  immediate  valley  of  the  Red  River, 
even  on  the  Dakota  side.  There  the  genus  is  represented  by 
Spermophilus  Franklini  and  S,  tridecemlineatus.  But  they  appear 
in  abundance  just  as  soon  as,  iu  passing  westward,  we  cross  the 
low  range  of  the  Pembida  Mountains,  and  strike  perfect  prairie, 
characterized  by  the  presence  of  such  birds  as  Sprague's  lark  and 
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Baird's  and  the  chestnut-collared  bunting.  From  this  point  they 
sCretch  clear  away  to  the  Rocky  Mountains,  subsiding  only  among 
the  foot-hills  of  the  main  range,  where  the  pocket  gophers  (species 
of  Thomomys)  begin  to  claim  the  soil ;  but  a  day's  march,  indeed, 
from  the  rocky  haunts  of  the  little  chief  hare  {Ldgomya  princeps) . 
The  region  of  the  Milk  River  and  its  northern  tributaries,  most  of 
which,  as  well  as  the  river  itself,  cross  49**,  is  their  centre  of  abun- 
dance. Approaching  this  parallel  from  another  direction,  namely 
up  the  Missouri  and  across  country  northwesterly  from  Fort 
Buford,!  I  first  met  with  them  near  the  mouth  of  Milk  River,  and 
they  almost  immediately  became  abundant.  They  doubtless  ex- 
tend down  the  Missouri  to  the  mouth  of  the  Yellowstone  beyond. 
Audubon  gives  the  latitudinal  distribution  from  38°  to  55°.  The 
recently  described  S.  elegans  and  S,  armatua  of  Kennicott  (Proc. 
Phila.  Acad.  1868, 158) ^  both  being  mere  varieties  of  Bichardaoni, 
carry  the  range  of  the  species  in  the  Rocky  Mountain  region  clown 
to  the  vicinity  of  Fort  Bridger. 

As  already  said,  the  gophers  overrun  all  this  prairie  country. 
Travelling  among  them,  how  often  have  I  tried  to  determine  in  my 
mind  what  particular  kind  of  ground,  or  what  special  sites,  they 
preferred,  only  to  have  any  vague  opinion  I  might  form  upset, 
perhaps  in  a  few  hours'  more  riding,  by  finding  the  animals  as 
plentiful  as  ever  in  some  other  sort  of  a  place.  Passing  over  a 
sterile,  cactus-ridden,  alkali-laden  waste,  there  would  be  so  many 
that  I  would  say  "this  suits  them  best ; "  in  camp  that  very  night, 
in  some  low  grassy  spot  near  water,  there  they  would  be,  plentiful 
as  ever.  One  thing  is  certain,  however;  their  gregarious  instinct 
is  rarely  in  abeyance.  A  few  thousand  will  occupy  a  tract  as 
thickly  as  the  prairie  dogs  do,  and  then  none  but  stragglers  may 
be*  seen  for  a  whole  day's  journey.  Their  choice  of  camping 
grounds  is  however  wholly  fortuitous,  for  all  that  we  can  discover, 
and  moreover  the  larger  colonies  usually  inosculate. 

What  a  country  it  is,  to  bo  sure,  where  the  most  persistent  of 
the  minor  inequalities  of  surface  are  little  heaps  of  dirt  alongside 
of  little  holes !  But  about  these  holes,  which  I  suppose  I  ought  to 
describe,  there  is  nothing  remarkable  whatever,  except  their  num- 
bers.   They  are  all  pretty  much  alike,  yet  no  two  are  exactly  the 

^Fort  Union,  fonnerlj  a  somewhat  noted  locality,  now  a  mere  heap  of  rubbish, 
f  too0  about  on  the  line  between  Montana  and  Dakota.  Fort  Buford,  a  flourishing  poet 
about  two  miles  £rom  the  old  site,  now  commands  the  mouth  of  the  Yellowstone. 
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same.  If  we  fancy  an  active,  industrious,  muscular  little  animal 
to  begin  to  scratch  with  strong  sharp  claws,  and  to  keep  at  work 
throwing  out  the  dirt  behind  him  till  he  has  buried  himself  in  a 
crooked  passage  that  will  just  comfortably  let  him  pass  into  the 
ground  several  feet  below  the  surface,  we  have  a  good  idda  of  the 
bmTow.  There  is  not  the  slight  rule  observed  as  to  direction  and 
distance,  any  more  than  there  is  as  to  location.  An  average  sized 
burrow  will  just  not  admit  a  man's  arm,  except  at  the  mouth,  where 
it  is  usually  funnel-shaped.  It  may  go  straight  down,  but  gene- 
rally slants  very  obliquely,  and  most  frequently  there  is  an  elbow 
»  foot  or  so  from  the  surface.  I  do  not  think  that  the  holes  are  any- 
thing like  as  deep, as  those  of  prairie  dogs.  I  never  dug  one  out, 
indeed,  but  I  judge  by  the  peck  or  bushel  of  earth  usually  thrown 
out,  as  well  as  by  the  fact  that  it  is  very  easy  to  drown  out  the 
animals  with  t^o  or  three  bucketfuls  of  water.  Moreover,  I  am 
satisfied  that  the  burrows  do  not,  as  a  rule,  intercommunicate  — 
perhaps  they  never  do,  except  by  accident,  when  many  animals 
are  living  side  by  side.  Many  holes  are  found  with  no  earth  at 
the  entrance  —  a  clean,  circular  opening  in  the  grass.  These  are 
obviously  points  where  the  creatures  have  burrowed  up  to  the  sur- 
face again  from  below.  If  the  animals  have  any  preference,  it  is 
a  choice  of  the  lighter  and  more  easily  worked  soils,  rather  than  a 
question  of  location.  They  seem  to  haunt  especially  the  slight 
knolls  of  the  prairie  a  few  feet  above  the  general  level.  There 
the  soil  is  looser,  and  the  inhabitants  have  some  little  additional 
advantage  in  their  view  of  the  surrounding  country.  But  there 
are  plenty  of  burrows  in  the  heaviest  soil  of  the  creek-bottoms. 
They  dislike  stony  places  for  obvious  reasons,  yet  they  will  often 
burrow  beneath  a  single  large  rpck.  I  have  also  found  nearly 
horizontal  holes  of  theirs  dug  from  the  face  of  an  almost  perpen- 
dicular bank.  In  short,  there  is  endless  diversity  in  the  details  of 
their  habitations. 

Of  the  underground  life  of  the  gophers  I  suppose  no  one  knows 
much— certainly  I  do  not.  I  am  inclined  to  think  the  animals  are 
essentially  polygamous,  which  is  a  point  to  be  considered  in  the 
question  of  the  occupancy  of  the  burrows.  If  they  regularly 
paired,  I  think  sufficient  indication  of  the  fact  would  not  have 
escaped  me.  But  I  saw  no  signs  of  this  occupation  of  a  burrow 
by  a  pair.  One  gopher  to  a  hole  is  the  universal  rule ;  that  is, 
one  gopher  to  an  occupied  hole.      For  the  animals  are  very  in- 
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dustrious,  and  in  every  thickly  peopled  region,  the  number  of 
deserted  burrows  is  out  of  all  proportion  to  those  in  use.  That 
not  only  the  breeding  female,  but  every  other  individual  has  his 
own  domicile,  cannot,  I  think,  be  doubted  ;  and  they  appear  to 
guard  the  gates  jealously.  For  whenever,  in  the  hurry  of  a  sud- 
den alarm,  two  or  more  gophers  rush  into  the  same  hole,  there  is 
sure  to  be  trouble.  We  hear,  if  we  are  near  enough,  a  squeaking 
and  commotion  below,  and  the  intruders  are  pretty  sure  to  betake 
themselves  off  as  soon  as  they  dare.  Doubtless  different  holes  are 
put  to  different  uses.  The  female  must  have  her  bed  in  which  to 
be  confined  and  rear  her  young.  The  male  his  permanent  retreat. 
Some  of  the  holes  are  storehouses.  Then,  I  am  persuaded,  a 
great  many  of  the  shallower  burrows  are  dug  for  temporary  refuge 
and  soon  abandoned  ;  for  the  gopher  is  an  exceedingly  timid  ani- 
mal, and  must  have  a  convenient  place  to  hide.  The  storehouses 
I  have  discovered  by  accident  and  examined  at  my  leisure.  In 
places  where  small  streams  work  through  light  soil,  they  contin- 
ually form  *' cut-banks"  along  their  convexities.  By  this  under- 
mining and  fall  of  earth,  burrows  are  frequently  exposed.  The 
storehouses  I  have  seen  were  merely  an  enlarged  excavation  at 
the  end  of  the  passage,  containing  a  hatful  of  the  husks  of  grass 
seeds  and  the  like. 

There  is  one  very  curious  point  in  the  socialism  of  these  ani- 
mals. Every  now  and  then,  in  odd  out-of-the-way  places,  where 
there  may  not  be  another  gopher  for  miles  perhaps,,  we  come  upon 
a  solitary  individual  guarding  a  well -used  burrow,  all  alone  in  his 
glory.  The  several  such  animals  I  have  shot  all  proved  to  be 
males ;  and  what  is  singular,  these  old  fellows  are  alwa3's  larger 
than  the  average  (some  would  weigh  twice  as  much),  peculiarly 
sleek  and  light-colored,  and  enormoush'  fat.  The  earlier  ones  I 
got  I  suspected  to  be  a  different  species,  so  peculiar  were  they  in 
many  respects.  I  suppose  they  are  surly  old  bachelors  who  have 
foresworn  society  for  a  life  of  indolent  ease,  though  if  I  had  found 
them  oftener  among  their  kind  I  should  have  taken  them  for  the 
Turks  of  the  harem.  It  seems  to  be  a  case  somewhat  parallel 
with  that  of  the  lonely  old  buffalo  bulls  so  often  met  with  away 
from  the  herd. 

The  female  brings  forth  in  June.  This  I  infer,  at  least,  from  the 
circumstance  that  July  brings  us  plenty  of  young  ones  two-thirds 
grown.     The  young  probably  keep  closely  in  the  burrow  until  they 
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are  of  about  this  size  —  I  do  jiot  remember  to  have  seen  any 
smaller  ones  running  about.  Without  having  seen  a  litter  in  the 
nest,  I  should  judge  the  number  of  j^oung  produced  at  a  birth  to 
be  about  eight ;  at  any  rate,  the  female  has  constantly  ten  ^  teats  ; 
and  July  specimens,  in  worn  harsh  pelage,  with  all  or  nearly  all  of 
the  teats  in  use,  are  frequently  secured. 

Of  the  life  of  the  animal  during  the  winter  I  know  positively 
nothing.  But  two  things  are  assured.  They  do  not  migrate,  and 
they  are  not  seen  abroad.  They  must  hibernate,  and  pass  most 
of  the  long  inclement  season  in  a  state  of  torpor.  Such  supplies 
of  food  as  I  have  spoken  of  would  not  last  an  active  animal  so 
long. 

However  this  may  be,  the  gathering  and  hoarding  of  seeds 
seems  to  be  their  principal  occupation  during  the  summer. 
Amidst  thousands  that  we  pass  only  to  see  them  skurry  into  their 
holes  in  trepidation,  there  are  necessarily  some  observed  which  do 
not  notice  us,  or  at  any  rate  do  not  take  alarm.  I  have  often 
watched  them,  where  the  grass  was  taller  than  usual,  gathering 
their  store.  They  rise  straight  up  on  their  haunches,  seize  the 
grass-top,  and  bite  it  off.  Then  settling  down  with  a  peculiar 
jerk,  they  sit  with  arched  back,  and  stow  awa}^  the  provender  in 
their  pouches  with  the  aid  of  their  fore  paws.  Their  cheek  pouches 
are  not  very  large  —  both  together  would  hardly  hold  a  heaping 
teaspoonful.  When  duly  freighted  they  make  for  their  holes. 
Their  mode  of  feeding,  as  they  do,  upon  grass-blades  or  any  other 
herbage,  as  well  as  upon  seeds,  is  essentially  the  same.  In  tfieir 
foraging  excursions,  they  seem  to  have  regular  lines  of  travel. 
From  almost  every  long-used  hole  may  be  seen  one  or  more  little 
paths,  an  inch  or  two  wide,  sometimes  so  well  worn  that  they  may 
be  traced  fifteen  or  twenty  feet.  These  paths  often  run  from  one 
hole  to  another.  No  matter  how  smooth  the  ground,  these  paths 
are  never  quite  straight;  they  repeat  in  miniature  the  devious 
footpath  across  the  meadow,  the  mysterious  something  that  pre- 
vents an  animal  from  walking  perfectly  straight  being  in  force 
here. 

Though  properly  a  vegetarian,  like  other  rodents,  the  gopher  is 
fond  of  meat,  and  I  think  that  no  small  share  of  his  summer's 
food  is  derived  from  the  carcasses  of  buffalo.  Wolves  do  not 
appear  to  be  numerous,  in  summer  at  least,  in  this  region,  and  the 

*  One  pair  axillary,  one  pair  pectoral,  two  pairs  abdominal  and  one  pair  inguinal. 
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polishing  of  bufiklo  skeletons  is.  largely  ^wcomplished  by  thiS  kit 
foxes,  badgers,  skunks  and  gophers*  Hard  by  aelain  buffalo  a 
badger's  hole  is  pretty  sure  to  be  soon  established,  together  with  a 
number  of  temporary  gopher  burrows.  In ,  proof  positive  of  thi3 
carnivorous  propensity,.  I  have  more  than  once  seen  the  inside  of 
a  drying  carcass  completely  covered  with  the  peculiar  and  readilyr 
recognized  excrement  of  the  gophers;  while  the  bones  and  flesh 
were  gnawed  in  a  way  that  plainly. told  who  had  been  there.  The 
excrement  is  conico-cylindric,  and  thus.vpry  different  from  that  of 
rabbits,  the  only  other  common  rodents. of  the  region.^ 

The  voice  of  the  gopher  is  .peculiar— r quite  unlike  the  harsher 
and  more  guttural  "barking"  of  the  prairie  dog.  It  is  a  sharpy 
wiry  squeak  of  less  volume,  and  is  pitched  in  a  higher  key,  than 
might  be  expected  in  the  case  of  an  animal  of .  its  size^  It  is  ^ 
single  note,  repeated  a  few  times.  Comical  as  a  gopher  is  in  some 
of  his  attitudes  and  motions,  he  never  looks. so, funny  as  whe?i 
squeaking.  He  generally  gets  down  on .  all  fours  to  it,  drops  hi^ 
jaw  with  a  jerk,  and  squeezes  out  the  noise  by  drawing  in  his 
belly —  it  reminds  one  of  a  toy  dog.  If  caught  or, wounded,  they 
have  an  energetic  chattering  outcry,  much  like  that  of  other 
species. 

There  is  not  the. slightest  difficulty  in  securing  any  desired  num- 
ber of  specimens — as  is  not  the  case  with  theprairie  dog.  Though 
equally  timid,  the  gopher  is  neither  so  suspicious  nor  so  warily 
cautious;  nor  is  it  so  tenacious. of  life.  As  is  well  known,  the 
chances  are  largely  against  securing  a  prairie  dog  shot  at  th^ 
mouth  of  his  buiTow. .  No  matter  how  badly  wounded,  he  gene- 
rally manages  in  his  death  struggles  to  work  down  out  of  reach) 
and  he  not  seldom,  when  shot  dead,  falls  out  of  sight.  But  I 
would  readily  undertake  to  secure  half  ]the  gophers  fired  at  whep 
fairly  in  sight,  no  matter  if  they  were  directly  over  the  holei. 
Moreover  «  prairie  dog,  scared  into  his  hole,  will  scarcely  show 
his  nose  for  a  long  time,  while  a  gopher,  more  inquisitive  or  lesp 
prudent,  generally  pops  up  again  in  a  few  moments,  tp  have  an- 
other look,  and  vent  his  displeasure  in  a  series  of  energetic  squeaky. 
Advantage  may  be  taken  of  this  trait  to  secure  him  alive,  by 
simply  setting  a  noose  around  the  hole,  and  retiring  to  a  little 
distance,  jerking  the  string  smartly  the  moment  the  little  animaUs 

*0n  slightly  everting  the  anus  (both  sexes),  there  are  seen  three  prominent  conica 
papiUsB  around  the  margin,  just  Inside  —  one  anterior,  and  one  on  each  side. 
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nose  appears.  He  is  generally  caught  by  the  seek  or  around  the 
chest.  The  soldiers  used  to  have  great  fun  this  way  sometimes^ 
and  I  know  of  one  man  catching  seventeen  in  about  an  houi<. 
Fishing  for  gophers  may  not  be  very  thrilUng  sport,  but  I  should 
think,  though  I  never  tried  it  myself,  that  it  ^ould  be  quite  a^ 
exciting  as  some  other  styles  of  angling. 

I  wish  I  could  do  justice  to  the  i*est  of  my  subject — ^^I  mean  to 
the  variety  of  tricks  and  funny  ways  there  are  about  a  gopher,  and 
without  which  no  gopher  is  complete.  But  a  gopher  must  be  seen, 
and  seen  often,  to  be  appreciated.  For  instance,- a  gopher  caught 
away  from  home  is  a  very  different  animal  froni  one  at  the  mouth 
of  his  hole.  A  most  unreasonably  timid  animal,  considering  how 
rarely  he  is  molested,  he  never  goes  out  without  feeling  that  he 
has  taken  his  life  in  his  hands.  A  thoroughly  scared  gopher  is  the 
liveliest  object  in  nature  ;  a  mule  kicking  over  the  traces  is  perfect 
repose  in  comparison.  He  doubles  up  apd  opens  out  like  nothing 
else  I  know  of,  with  his  absurd  little  whisk  of  a  tail  hoisted,  and 
the  way  he  gets  over  the  ground  without  once  looking  back  is 
amazing.  Safe  home,  be  he  never  so  badly  frightened,  he  will  stop 
to  see  what  was  the  matter.  He  pops  bolt  upright,  stands  stoc^ 
still  with  his  fore-paws  drooped  aflfectedly  in  front  of  him,  looks 
demurely  around,  and  squeaks  out  '*  Pooh  I.  whp  's  .afraid?";  as 
plainly  as  possible.  But  let  one  come  a  step  nearer,  and  down  he 
goes  on  all  fours,  rigl^t:  over  the  hole,  where  he  sits  and  scold? 
with  back  arched  up,  r^ady  for  a  dive,  When  he  does  finally  duclj: 
oat  of  sight,  there,  is  no  mistaking,  his  meaning ;  tl^e  suggestive 
flirt  of  his  tail,  the  last  thipg  seen,  speaks  volumes  to  a  thoughtfr 
ful  observer.  »  ^ 

Bat  one  must  npt  too  hastily  conclude  tl^at  a  gopher  on  the 
prairie  is  always  in  a  flurry,  or  that  one  at  home  is  always  saucy^ 
On  the  contrary,  like  other ,  frolicsome,  heedless  little  creature^ 
they  are  sometimes  wofully  imp|;adent, .  and  will  gambol  about 
almost  at  one's  feet,  or  enter  a  teijt  to  forage  /or  food.  They  are 
the  life  of  the  prairie,  and  they  have  afforded,  to  me  at  least,  po 
little  real  pleasure.  I  like  to  watch  them  undisturbed,  they  are 
such  pretty,  sleek,  comfortable  creatures,  so  full  of  life,  so  busy, 
so  bright.  They  always  look  as  if  they  would  like  toknow  yop 
better  if  they  dared,  and  when  they  give^you  up  as  an  impossibil- 
ity, they  go  off  in  zigzag  with  mincing  steps;  stopping  every  few 
paces,  half  inclined,  to  come  back  after  all,    A  gopher  never  quite 
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knows  his  own  mind.  But  the  prettiest  of  all  the  exhibitions  a 
gopher  can  make  of  himself,  is  when  he  frames  his  profile  in  the 
rim  of  his  buiTow.  Not  seldom,  after  running  some  little  fellow 
to  earth,  have  I  stood  still  just  by  the  hole,  and  confidently  waited 
for  his  reappearance.  Presently  I  hear  a  little  scratching,  perhaps 
a  squeak,  and  then  I  see  his  head,  turned  roguishly  to  one  side,  to 
throw  one  bright  black  eye  full  upon  me,  as  if  to  ask  what  manner 
of  creature  I  may  be  to  stand  thus  boldly  at  his  door.  He  looks 
as  if  he  would  like  to  invite  me  in,  and  then  laugh  at  me  for 
being  too^big  and  too  clumsy  to  enter. 


A  STATE  SURVEY  FOR  MASSACHUSETTS. 

BY    PROF.    N.    S.    SHALER.l 

While  Hayden  with  his  score  of  coadjutors  is  skirmishing  over 
the  unexplored  recesses  of  the  West,  reconnoitring  an  empire  in  a 
season,  the  surveyors  of  Great  Britain  are  patiently  unriddling  their 
islands  at  a  rate  that  will  require  a  century  for  its  completion. 

It  must  not  be  supposed  because  these  two  kinds  of  workers 
differ  so  widely  in  their  methods  that  either  is  mistaken.  Each  is 
doing  legitimate  work  in  its  sphere,  and  each  has  its  important 
scientific  and  economic  results.  Perhaps  the  best  specimen  of 
this  sj'stem  of  reconnoissance  work  which  has  ever  existed  is  now 
in  operation  in  this  country,  under  the  charge  of  Dr.  ria)'den ; 
other  expeditionary  surveys  under  the  charge  of  Mr.  Clarence 
King  and  Major  Powell,  have  shared  with  Hayden  the  task  of  un- 
ravelling the  complicated  geology  and  topography  of  the  vast  area 
lying  between  the  eastern  and  western  borders  of  the  Cordilleras 
of  North  America.  The  present  system  pursued  by  Hayden  is 
admirably  suited  to  secure  the  most  rapid  delineation  of  a  country 
for  correct  sketch  maps.  A  system  of  triangles  is  carried  across 
country  from  mountain-top  to  mountain-top,  so  that  a  large  num- 
ber of  positions  are  accurately  determined.  From  good  points  of 
view  the  topographer  delineates  the  intermediate  country  by  the 

»The  following  extracts  ai-e  tnken  IVom  au  article  in  the  "Atlantic  Montlily"for 
March.  Wo  regret  that  we  have  not  space  to  reprint  the  article  entire,  as  it  forme  an 
admirable  presentation  of  the  subject  of  surveys  in  general.— Eds. 
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use  of  the  theodolite ;  contour  lines,  or  lines  supposed  to  repre- 
sent equal  heights  above  a  water  level,  are  sketched  in  with  some 
detail,  so  that  the  eye  catches  the  true  reliefs  of  the  country. 
Along  with  these  topographical  parties  go  geologists  and  collect- 
ors of  specimens,  to  illustrate  the  geology  and  biology  of  the 
country.  This  survey  is  carried  on  at  such  speed  that  in  a  season 
of  four  or  five  months  a  single  party  will  work  in  several  thousand 
square  miles  of  territory  and  obtain  a  remarkably  good  idea  of  all 
its  important  features.  Several  of  such  parties  together  make  up 
the  expedition,  and  the  reports  set  forth,  with  a  fair  accuracy,  the 
topography,  geology,  zoology,  botany,  agiicultural  resources,  and 
such  information  as  can  be  gained  concerning  the  climatology  of 
the  district  surveyed.  It  is  difficult  to  imagine  a  plan  better  cal- 
culated than  this  to  accomplish  the  end  in  view,  namely,  to  discover 
the  general  characters  of  an  unexplored  land,  and  to  guide  the  com- 
ing immigrant  in  its  development  by  the  steady  light  of  science. 
The  state  of  Massachusetts  is  a  remarkably  favorable  state  for 
illustrating  the  methods  in  which  a  survey  should  be  conducted ; 
not  such  a  survey  as  a  new  Western  State  makes  in  order  to  get 
some  idea  of  where  its  coal  and  iron  lie,  and  the  amount  of  its 
wealth,  but  a  work  intended  to  be  the  most  exact  and  final  work 
which  it  is  possible  to  do  on  the  earth's  surface.  When  a  govern- 
ment approaches  so  considerable  an  enterprise  as  this,  and  deter- 
mines that  it  is  to  be  done  so  as  never  to  require,  in  our  day  at 
least,  a  reconstruction,  all  geologists  will  agree  that  the  first  thing 
is  to  secure  the  best  map.  Massachusetts  has  the  good  fortune  to 
have  her  shore-belt  map  completelj'  made  b}'  the  Coast  Survey ; 
Cape  Ai^n  and  Cape  Cod  and  the  bordering  islands,  making,  to- 
gether, about  a  tenth  of  the  total  area  of  the  state,  have  all  been 
done  on  the  scale  of  one  ten  thousandth,  or  about  six  inches  of 
map  to  the  mile  of  distance.  If  it  were  practicable,  this  map 
should  be  continued  on  the  same  scale  over  the  whole  state,  mak- 
ing, when  finished,  a  record  map  about  ninety  feet  long  and  fifty- 
four  wide  ;  on  this  scale  every  important  detail  could  be  truthfully 
laid  down.  This  is  the  proper  thing  to  do,  and  nothing  but  the 
cost  of  the  work  can  be  urged  against  it ;  on  this  plan  the 
surveying  and  improvement  of  private  grounds  could  always  be 
accomplished,  tax-levies  made,  in  short,  our  civilization  could  be 
organized  upon  it.  If  something  else  less  perfect  must  be  done, 
it  will  be  with  the  greatest  regret  that  we  turn  to  it  from  our  ideal.  • 
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On  this  perfect  system  the  topography  alone  would  be  likely  to 
cost  over  half  a  million  of  dollars  and  pretty  certain  not  to  exceed 
three-quarters  of  a  million,  or  about  as  much  as  one  thousand  feet 
of  the  Hoosac  Tunnel.  Who  will  say  that  Massachusetts  cannot 
afford  this  sum  for  a  perfect  record  of  the  theatre  of  her  indus- 
tries ?  If,  however,  it  be  thought  that  it  is  better  to  temporize 
with  the  matter,  it  will  certainly  be  possible  to  get  the  most  im- 
portant results  with  a  smaller  original  map  —  one  twenty-five 
thousandth,  or  about  two  and  a  third  inches  to  the  mile,  will 
answer  for  most  of  Ihe  great  economic  purposes  of  a  survey ;  it 
will  not,  however,  serve  as  a  tax  map  or  for  the  management  of 
individual  estates,  and  in  time  it  would  have  to  be  done  over  on 
the  larger  scale.  The  dimensions  of  the  original  maps,  it  should 
be  noted,  is  quite  another  matter  from  the  size  they  have  in  their 
published  form  ;  from  the  original  records  reductions  can  be  made 
to  any  scale. 

When  this  topography  is  far  enough  advanced  to  give  a  basis 
for  other  work,  the  geology  and  biology  should  be  taken  in  hand. 
Here  we  come  upon  a  class  of  researches  which  require  some 
special  consideration.  What  should  be  the  objects  of  this  scien- 
tific work,  and  how  are  these  objects  to  be  attained?  To  answer 
these  questions  at  length  is  to'  discuss  all  the  methods  and  aims  of 
science.  There  are  some  limitations,  however,  which  are  worthy 
of  note.  Any  state,  however  small,  furnishes  problems  organic 
and  inorganic,  which  will  require  centuries  for  their  complete  dis- 
cussion. As  we  do  not  propose  that  a  survey  shall  take  up  at  once 
all  the  problems  of  science,  it  becomes  a  nice  matter  to  limit  the 
work.  In  the  geology  this  is  comparatively  easy ;  no  amount  of  de- 
tail consistent  with  the  condition  of  the  science  will  be  superfluous 
here ;  every  stratigraphical  question,  every  question  in  chemical 
geology,  should  be  followed  to  its  utmost  point.  Each  region  sup- 
plies the  investigator  with  special  problems  which  he  knows  when- 
ever the  general  structure  of  a  country  is  known ;  it  is  the  special 
object  of  a  reconnoissance  to  show  what  and  where  these  prob- 
lems are.  Some  of  them  are  economical,  have  money  in  them ;  the 
others  are  economical  too,  in  that  higher  sense  which  finds  all 
truth  profitable.  Of  those  which  connect  themselves  immediately 
with  industry  we  may  mention  the  following  questions:  (1)  the 
distribution  of  water,  its  storage  and  quality ;  (2)  the  building- 
stones  of  the  state ;  (3)  the  existence  of  deposits  of  coal  in  work- 
able quantities;  (4)  the  distribution  of  metals,  the  iron  of  the 
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■wesfern  region,  and  the  silver-bearing  beds  of  the  east ;  (5)  the 
reclamation  of  marshes  ;  (6)  the  retimbering  of  the  exposed  parts 
of  thfj  coast.  Among  the  scientific  problems,  the  state  affords 
some  matters  of  surpassing  interest.  Probably  no  other  known 
fossils  have  so  much  value  for  the  science  of  to-day  as  those  won- 
derful footprints  of  the  Connecticut  Valley.  They  deserve  years 
of  study  and  the  thorough  investigation  which  can  only  be  given 
by  a  oarefitl  rfe-suFV6y  of  the  whole  region.  • 

-  Among  the  maiSy  problems  concerning  the  existing  life  of  the 
state,  it  is  difficult  to*  give  in  a  word  the  most  Important.  A  large 
part  of  the  necessary  work  for  the  complete  description  of  our 
animals  and  plants  is  already  done,  and  needs  but  to  be  assembled 
and  ordered.  The  state  is  already  rich  in  investigators,  and  as 
Soon  as  a  survey  begins,  these  will  be  increased ;  from  their  labors 
we  may  hope  for  a  thorough  study  of  the  biology  of  Massachusetts. 
The  state"  has  already  taken  advanced  ground  concerning  instruc- 
tion in  natural  history.  It  will  greatly  aid  the  work  of  diffusing 
a  knowledge  of  nature  throughout  the  people,  to  have  carefully 
edited  catalogues  of  all  the  animals  and  plants  existing  within  the 
state,  with  enough. concerning  their  characters,  habits,  etc.,  to  make 
the  information  of  practical  value  to  beginners.  This  work  need  be 
of  very  little  expense  to  the  survey ;  the  state  already  has  nearly 
a  million  of  dollars  invested  in  the  Museum  of  Comparative  Zool- 
ogy, and  in  the  work  of  cataloguing  the  animals  this  noble  insti- 
tation  can  make  a  substantial  return  through  the  students  it  has 
trained  and  the  collections  it  has  accumulated.  Managed  with 
discretion,  this  survey  could  not  fail  to  bring  about  a  great  interest 
in  science  in  our  public  schools  of  all  grades.  With  good  maps 
and  good  catalogues  of  the  natural  productions  of  a  country,  the 
teaching  of  natural  science  becomes  possible  to  a  degree  that  can- 
not be  hoped  for  under  other  circumstances.  This  is  to  Massachu- 
setts a  matter  of  great  importance ;  her  real  greatness  has  lain  and 
always  must  lie  in  her  power  to  produce  men  preeminently  fitted 
for  the  work  of  their  day.  Other  states  can,  almost  without  effort, 
beat  her  in  the  race  for  material  greatness,  strive  as  she  may 
against  it  j  but  her  intellectual  lead,  now  so  clearly  established, 
may  be  maintained  to  the  end  if  she  but  care  to  take  the  steps 
necessary  to  keep  her  energies  bent  towards  this  object.  She  must 
now  foster  science  as  she  has  established  and  fostered  theology  and 
general  learning. 
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I.  THE  HYDROIDA. 

The  animal  next  higher  in  structure  than  the  sponge  is  the 
curious  Protohydra  discovered  by  Greef  among  diatoms  and  sea- 
weeds in  the  oyster  park  at  Ostend.  It  is  regarded  by  Greef  as 
the  marine  ancestral  form  of  the  Coalenterates  (Hj'droids,  Jelly 
fishes  and  Actiniae) .  It  is  the  simplest  possible  radiate  form  yet 
discovered.  As  the  form  of  the  fresh-water  Hydra  is  familiar, 
Protohydra  may  be  best  described  as  similar  to  that,  except  that 
it  is  entirely  wanting  in  tentacles.  Like  Hydra  it  is  made  up  of 
two  layers  (an  ectoderm  and  endoderm),  with  a  mouth  and  stomach 
(gastro-vascular  cavity).  Nothing  is  known  of  its  history,  though 
Greef  is  positive  that  it  is  not  a  young  Actinia. 

The  next  highest  form  is  the  fresh-water  Hydra,  which  is  com- 
monly found  on  the  under  side  of  the  leaves  of  aquatic  plants. 
This  well  known  animal  is  the  simplest  form  of  the  division  of 
radiates  known  as  Hydroids.  The  somewhat  club-shaped  body 
consists  of  two  layers,  the  inner  (endoderm)  lining  the  general 
cavity  of  the  body,  which  serves  both  as  mouth  and  stomach  and 
for  the  circulation  of  the  nutritive  fluid,  and  is  called  the  gastro- 
vascular  cavity.  The  mouth  is  surrounded  with  eight  tentacles, 
which  are  prolongations  of  the  body-wall  and  are  hollow,  commu- 
nicating with  the  body  cavity. 

Such  is  the  general  structure  of  the  Hydra.  In  the  ectoderm 
are  situated  the  lasso-cells  or  nettling  organs,  being  minute  barbed 
filaments  coiled  up  in  a  cell-wall.  From  Kleinenberg's  recent 
researches  on  the  Hydra  it  appears  that  there  are  scattered  irregu- 
larly through  the  endodermal  lining  of  the  body-cavity  isolated 
ciliated  cells.  They  do  not  form  a  continuous  lining  membrane, 
and  thus  bear  an  interesting  analogy  to  the  ciliated  cells  of  the 
sponge.  While  the  endoderm  forms  a  simple  cell-layer,  the  outer 
layer  (ectoderm)  is  more  complex,  as  just  within  an  external 
simple  layer  of  large  cells  is  a  multitude  of  smaller  cells,  some  of 
them  being  thread  or  lasso  cells,  while  still  within  are  fine  muscu- 
lar fibrillse  which  form  a  continuous  layer.  The  large  cells  first 
(160) 
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named  end  in  fibre-like  processes,  which  alone  possess  contractil- 
ity and  are  thought  by  Kleinenberg  to  be  motor-n^rre  endings. 
These  large  cells,  from  combining  the  functions  of  muscle  and 
nerve,  are  termed  ^*  nervo-muscle  cells."  The  little  cavities  be- 
tween the  large  endodermal  cells  and  the  muscular  layer  which 
lies  next  to  the  endoderm  is  filled  with  small  cells  and  lasso- 
cells,  forming  what  Kleinenberg  calls  the  interstitial  tissue.  From 
this  tissue  are  developed  the  eggs  and  spermatozoa. 

The  organisation  of  all  the  hydroids  and  even  Lucemaria  and 
the  larger  jelly-fishes  (Discophora)  is  based  on  the  plan  of  the 
Hydra.  They  all  have  a  simple  body-cavity,  but  no  true  alimen- 
tary canal  surrounded  by  a  perivisceral  cavity.  This  is  the  dis- 
tinguishing character  of  the  Coelenterates.  In  the  jelly-fishes,  the 
often  complicated  water  vascular  system  of  canals  are  simply 
passages  leading  out  from  the  axial  gastro-vascular  cavity.  If  we 
place  a  jelly  fish  in  the  same  position  as  the  Hydra,  i.e.,  with  the 
tentacles  directed  upwards,  the  general  homology  between  the 
parts  can  be  clearly  traced.  In  the  Hydroids,  such  as  Sertularia, 
etc.,  the  ectoderm  is  surrounded  by  a  chitinous  sheath,  secreted 
from  this  layer.  Wliile  in  Hydra  the  young  bud  out  fh>m  the  side 
of  the  body,  in  the  Hydroids  the  young  are  developed  on  a  sepa- 
rate stalk  from  the  barren  or  nutritive  stalk  or  ^^zooid."  The  in- 
dividual Hydroid  is  thus  subdivided  into  a  reproductive  and  au 
nutritive  zooid.  The  reproductive  zooids  seldom  or  never  take  in 
food,  but  are  nourished  by  the  nutritive  zooids,  the  two  zooida 
being  connected  by  a  common  creeping  stem  called  the  ''coenosarc^"' 

The  Anthozoa  or  sea  anemones  and  coral  polypes  differ  firomi 
the  Hydroids  and  Medusae  in  having  the  stomach  opeu  at  the 
bottom  into  a  second  and  larger  cavity  communicating  with  the 
radiating  chambers.     In  the  Ctenophora  there  is  a  decided  ap- 
proach in  the  complication  of  thei  body  to  the  Echinoderms.    The 
radiated  structure  so  clearly  shown  in  the  lower,  forms  is  here  in. 
part  subordinated  to  the  bilateral  arrangement  of  parts;,  they, 
have  a  right  side  and. a  .left.  side.    They  also  differ  in  the  mouth 
opening  into  a  wide  digestive  cavity,  enclosed  between  two  verti-r 
cal  tubes,  uniting  i^t. the  end  of  the  hodyt  where  the  stomach  forma 
a  reservoir  for  the  gastrorvascular  tubes  ramifying  throughout  the 
body.    They  move  by  a  peculiar  apparatus  consisting  of  bands  of. 
oomb-like  flappers^    Not  detaining  the  reader  with  a  definition  of; 
the  subdivisions  of  the  Ccdeuterates  we  shall  be  content  with. 

AlfWek  NATl^MWW^  YiXU  IX.  11. 
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giving  the  following  tabular  view  of  the  lowest  subdivision  of 
Radiates : — 

CCBLBNTERATA. 
A0ALBPH8  OH  HTDBOZOA. 

1.  ffydrvida.    a.  Hydriform  (Hydra,  Hydractinia,  Tubalana,  Sertnlaria) 

b,  SIpbonophora  ( Velella,  AipUma,  Physalia). 

2.  CdlffeoMa  (Lncertkhria,). 

8.  Medusa  or  Diicophorm  (Anrellti.) 
ANTHOZOA  (Actinia,  Cerianthns,  Astnea,  Alcyoniam,  Gorgouia  and  BeaiJIa). 
CTBNOPHOB.V  (Beroe,  Cydippe,  Ceatum). 

Development  of  Hydra  and  the  ffydroids.  Ehrenberg  first  showed 
that  the  Hydra  reproduced  by  eggs  which  become  fertilized  by 
spermatic  particles.  Eleinenberg  describes  the  testis,  which  is 
lodged  in  the  ectoderm  and  which  develops  tailed  spermatozoa  like 
those  of  the  higher  animals.  They  arise,  as  in  other  higher  ani- 
mals, from  a  self-division  of  the  nuclei  of  the  testis-cells.  There 
is  a  true  ovary  fonped  in  the  same  interatitial  tissue  of  the  ecto- 
derm, consisting  of  *  group  of  cells,  which  differ  entirely  in  their 
mode  of  formation  from  the  ovaries  (gonophores)  of  the  marine 
Hydroids,  which  are  genuine  buds. 

It  thus  seems  that  Hydra  is  monoecious  or  hermaphrodite,  t.  e., 
the  sexes  are  not  distinct  The  egg  of  Hydra  originates  from  the 
central  cell  of  the  ovary ;  thus  confirming  the  opinion  now  gener- 
ally held  that  all  animals  as  a  rule  arise  from  a  simple  cell.  After 
the  egg-cell  has  escaped  from  the  ovary  through  the  ectoderm,  it 
still  holds  on  by  a  narrow  point  to  the  sides  pf  the  Hydra,  where 
it  is  fecundated  by  the  spermatic  particles  dischai'ged  into  the 
surrounding  water  from  the  testis. 

Fecundation  is  succeeded  by  a  true  segmentation  of  the  egg. 
The  young  Hydra  thus  passes  through  a  true  "Morula"  stage.^ 
There  is  an  outer  layer  of  prismatic  cells,  forming  4he  surface  of 
the  germs,  and  surrounding  the  inner  mass  of  polygonal  cells.  J^t 
first  none  of  these  cells  are  nucleated^  but  an;erwards  nuclei  ap- 
pear, and  it  is  an  important  fact  that  these  nuclei  do  not  arise 
£rom  any  preexistent  egg-nucleus. 

The  next  step  is  the  formation  of  a  true  cbitinous  shell,  envel- 
ofiug  the  germ  or  embryo.  After  this  Kleinenberg  asserts  th^,t 
i^e  cells  of  the  germ  become  fused  together,  and  that  the  germ  is 
1  JKke  att4»nsegmented  egg,  being  a  single  continuous  mass  of  proto- 
;^lasQL    Allman  remarks  that  "as  this  phenomenon  does  not  occur 

i  Hereafter  .we  ahall  often  ase  Hasckel's  convenient  term  **  lIonUa»''  inatead  of*'  Btaiee 
Af  u^pax^uM'iWi^yOt  tht  eggi**  for  the  sake  of  brevity. 
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in  other  Hydroids  it  can  have  no  general  significance  for  the 
development  of  the  order." 

The  remaining  history  of  Hydra  is  soon  told.  In  this  proto- 
plasmic germ  mass  there  is  formed  a  small  excentric  cavity ;  this 
is  the  beginning  of  the  l)ody-cavity,  which  finally  forms  a  closed 
sac.  Allman  remarks  on  this  discovery  of  Kleinenberg's  that  "  it 
is  clear  that  the  formation  of  a  body  cavity  by  invagination  of  the 
walls  [t.  €.,  ectoderm]  with  the  significance  which  Kowalevsky 
has  assigned  to  it  in  other  animals,  does  not  exist  in  Hydra,  and 
just  as  little  will  it  be  found  in  any  other  hydroid."  It  will  be 
seen  farther  on  that  in  certain  mednsse,  Kowalevsky  has  discov- 
ered that  the  digestive  canty  is  formed  by  the  invagination  of  the 
ectoderm,  and  we  have  seen  (p.  107)  that  Metznikoff  declares 
that  the  ciliated  cells  lining  the  gastro-vascular  cavity  in  the  embryo 
of  the  sponge  are  the  originally  external  ciliated  cells  of  the  pla- 
nnla  withdrawn  into  and  lining  the  body  cavity. 

After  several  weeks  the  germ  bursts  the  hard  shell  and  escapes 
into  the  surrounding  water,  but  is  still  surrounded  by  a  thin  inner 
shell.  After  this  a  clear  superficial  zone  appears,  and  a  darker 
one  beneath,  which  is  the  first  indication  of  the  splitting  of  the 
germ  into  the  two  definitive  germ-lamell«,  common  to  all  animals 
except  the  one-celled  Protozoa* 

The  embryo  soon  stretches  itself  out,  a  star-shaped  cleft  appears^ 
which  forms  the  mouth.  The  tentacles  next  appear.  The  animal 
now  bursts  open  the  thin  inner  shell,  and  the  young  Hydra  appears 
much  like  its  parent  form. 

There  is,  then,  no  metamorphosis  in  the  Hydra ;  no  ciliated  pla- 
nula.    The  adult  form  is  thus  reached  by  a  isontinuous  growth. 

It  will  be  seen,  to  anticipate  ^somewhat,  that  the  Hydra,  ex- 
actly as  in  the  vertebrates,  iueluding  man,  arises  fix>m  an  egg 
developed  from  a  true  ovary,  which  is  fertilized  by  a  true  tailed 
spermatic  particle ;  that  the  egg  passes  through  a  monila  stage ; 
that  the  germ  consists  of  two  germinal  layers,  while  fVom  the 
outer  layer,  as  probably  in  the  vertebrates,  an  intermediate  or 
nervo-mnsculf^*  layer  is  formed,  which  Allman  thinks  is  the  homo- 
logue  of  the  middle  germ-lamella  of  the  vertebrates,  supposed 
to  have  originally  split  ofl*  from  the  ectoderm.  Allman  even 
regards  the  chitinbus  shell  of  the  germ  oi  Hydra  as  the  equivalent 
of  the  epidermis  of  vertebrates,  being  a  provisional  embryonic 
organ  in  Hydra,  but  permanent  in  vertebrates. 
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In  all  the  marine  Hjdroids,  which  are  more  complex  in  their 
individualism  than  Hydra,  the  sexes  being  separate,  the  eggs  and 
spermatic  particles  are  thought  bj  Allman  to  be  developed  from 
the  endoderm.  But  £.  Van  Beneden  has  on  the  other  hand  shown 
that  the  ^gs  in  Hydractinia  are  exclusively  developed  fi*om  the 
endoderm,  while  the  spermatic  cells  arise  from  the  ectoderm. 

The  simplest  form  .next  to  Hydra  is  Hydractinia,  in  which  the 
individual  is  differentiated  into  three  sets  of  zooids ;  i.e.,  a,  hydra- 
like, sterile  or  nutritive  zooids ;  b  and  c,  the  reproductive  zooids, 
one  male  and  the  other  female,  both  being  much  alike  externally, 
having  below  the  short  rudimentary  tentacles  several  spherical 
sacs,  which  produce  either  male  or  female  medusas.  These 
medusa  buds  or  closed  generative  sacs  are  fundamentally  like 
the  free  medusae  in  structure.  The  marine  Hydroids,  then,  are 
universally  dioecious,  and  usually  each  colony  is  either  male  or 
female. 

A  rather  more  complicated  form  is  the  common  Corynemirabilis. 
Fig.  51  shows  the  hydrarium  with  its  long,  tentacles  (t)  and  a  the 
medusa  buds.  Fig.  52  its  free  medusa.  Tubularia  is  a  higher  form, 
and  allied  to  the  latter  is  still  another  form,  Corymorpha  pendula 
(Fig.  58.    After  Agassiz). 

Figs.  5t-58  (after  A.  Agassiz)  represent  quite  fhlly  the  life  his- 
tory of  another  Tubularian,  BougainvUlia  superciliaris.  Fig.  54 
represents  the  hydrarium,  with  the  sterile  zooids  provided  with  long 
tentacles,  and  the  medusa  buds  of  different  ages.  Fig.  55  shows 
a  bud  still  more  enlarged,  with  the  proboscis  (manubrium)  just 
formed,  and  knob-like,  rudimentary  tentacles.  In  an  older  stage 
(Fig.  56)  the  proboscis  is  enlai^ed  and  the  tentacles  lengthened, 
while  the  depression  at  the  upper  end  indicates  the  future  opening. 
In  Fig.  57  the  appendages  of  the  proboscis  are  plainly  indicated, 
the  tentacles  are  turned  outwards.  Shortly  after  this  the  jelly-fish 
breaks  loose  firom  its  attachment  and  swims  around  as  at  Fig.  58. 

How  do  the  zooids  first  arise  ?  This  leads  us  to  speak  of  the  sim- 
plest mode  of  reproduction  in  the  Hydroids,  which  is  by  budding. 
The  object  of  sexual  reproduction,  i.  e.,  by  eggs  and  spermatozoa, 
throughout  the  animal  and  plant  world,  is  by  bringing  the  germ  or 
portion  of  pix>toplasm  of  one  individual,  which  is  an  epitome 
potentially  of  its  physical  and  psychical  nature,  to  mingle  with 
that  of  another  o^  the  same  species,  so  that  the  offspring  may 
popabine  the  qualities  ^f  both  pi^rents,  and  not  deteriorate.    The 
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species  can  be  reproduced  simply  by  badding,  but  the  result  would, 
if  maintained  for  a  numlier  of  generations,  m  the  end  prove  disas- 
trous to  its  integrity.  Nature  abhors  self-fertilization.  So  that 
while,  as  in  these  Ilydroids,  the  zooid  form  may  be  produced  by 
budding,  yet  the  time  comes  when  the  individuals  of  <Nie  colony 
roust  mingle  their  reproductive  elements  with  those  ^f  a  remote 
colony,  through  the  medium  of  the  water.    By  this  mode  of  repro- 


Fig.  61. 


Fig.SS. 


FolypiCe  of  Coryne  mlra- 
bilis,  with  A  bud  below 
a.  and  mednBa  bud, 
(gonophore)  above,  a, 
miicb  enlarged.  After 
Agaaaiz. 


Free  medasa  of  Co- 
r.Tne  Hhrown  off 
from  the  gono- 
phore.  Ntttural 
size.  After  Agas- 
sis. 

duction  new  colonies  are  also  set  up.  On  the  <other  hand  budding 
or  gemmation  has  for  its  object  the  extensi<Hi  of  the  colony  of 
nutritive  and  reproductive  zooids.  This  alternation  of  budding 
with  sexual  generation  or  "  alternation  of  generations,"  or  "  parthe- 
nogenesis,*' is  first  met  with  in  the  Hydroids,  and  we  shall  find  it 
often  recurring  in  tlie  higher  animals  when  needed  4o  meet  some 
special  exigency  of  the  species. 
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Fig  54.  Fig.  66. 


Fig.  57. 


Medusa  bud  of  5t,  fnrther  nd* 
yanced. 


Fig.  56. 


Medusa  bnd  with  the  tertn- 
cIcH  turned  out.  Mngni- 
ficd. 


Hyclnnium  ofBougiiiuvillia,  mag- 
iiifletl. 


Medusa  bad  of  51. 
Fig.  68. 


Medui»a  of  Bougainvillia.    Magnified.    After  A.  Agassiz. 
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Badding  begins  as  a  slight  protrusion  of  the*basal  portion  (codr 
nosarc)  of  the  colony,  which  then  becomes  spherical  and  finally 
clnb-shapod,  as  in  Fig.  51,  until  it  assumes  the  form  of  a  zooid. 
It  remains  permanently  attached  in  all  the  Hydroids  except  in 
Hydra,  where  it  breaks  off  and  bears  a  ft'ee  individual.  In  some 
species  of  Tubularia  the  heads  of  the  zooids  successively  drop  off, 
and  are  renewed. 

Multiplication  by  fission  has  only  been  observed  in  one  case,  in 
the  medusa  of  Stomobrachium,  observed  by  Kdlliker  at  Messina. 
In  this  the  pendent  stomach  divided  in  two,  becoming  doubled, 
which  was  followed  by  a  vertical  division  of  the  umbrella,  sepa- 
rating the  animal  into  two  independent  halves.  These  again  sub- 
divided, and  Kolliker  thinks  this  process  went  on  still  farther. 

The  second  mode  of  generation,  i.  6.,  by  eggs  and  spermatic 
particles,  have  been  observed  in  many  marine  Hydroids.  As  in 
the  Hydra,  the  eggs,  after  being  fertilized,  pass  through  a  morula 
stage,  and  finally  the  germ  becomes  surrounded  by  a  blastoderm, 
as  in  Hydra,  formed  of  long  prismatic  cells  directly  comparable 
with  the  zone  of  blastodermic  cells  of  insects,  and  many  other 
animals,  including  the  mammals.  The  germ  elongates  and  finally 
escapes  fi*om  the  ovisac  (gonophore)  of  the  parent  as  a  ciliated 
"  planula,"  a  term  first  applied  to  it  by  Daiyell. 

Now  how  do  these  planulas  become  converted  into  hydras,  and 
through  them  into  medusse  ?  A  glance  at  the  accompanying  figures 
will  give  the  main  points  in  the  life  history  of  a  not  uncommon 
Hydroid  found  on  our  shores,  a  Melicertum  allied  to  Campann- 
laria  (Fig.  62).  We  are  indebted  to  Mr.  A.  Agassiz  (Seaside 
Studies  in  Natural  History)  for  the  following  facts  and  illustra- 
tions regarding  its  history.  After  keeping  a  number  of  the  Meli- 
certum in  a  large  glass  jar  for  a  couple  of  days  at  the  time  of 
spawning,  he  found  that  the  ovaries,  at  first  filled  with  eggs, 
became  emptied,  and  that  the  planulse,  at  first  spherical  and  after- 
wards peiu*-shaped  (Fig.  59)  swam  near  the  bottom  of  the  jar,  and 
soon  attached  themselves  by  the  larger  end  to  the  bottom  of  the 
jar  (Fig.  60).  "Thus  their  Hydroid  life  begins;  they  elongate 
gradually,  the  homy  sheath  is  formed  around  them,  tentacles 
arise  on  the  upper  end,  short  and  stunted  at  first,  but  tapering 
rapidly  out  into  fine,  fiexible  feelers ;  the  stem  branches,  and  we 
have  a  little  Hydroid  community  (Fig.  61),  upon  which,  in  the 
course  of  the  following  spring,  the  reproductive  calyeles  contain- 
ing the  mcdusffi  buds  will  be  developed." 
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Flir.fiO.  Tig.  91. 


PUumla    of 
Melicertum. 


Fig.  00. 


Claster   of  Pkumte  PolypiteB    of    Melicertam 

Just  attaclied  to  tbe  developed  fh>in  the  pUn- 

ground.  uIib;  greatly  magnilied. 

Fig.aa. 


Melloertnm  campaoul*}  seen  in  profile.     Notoral  sice.   After 
Agassis. 
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Coming  noir  to  the  Portnguese  man-of-war  (Phjsalia)  which  have 
so  mnch  occupied  the  attention  of  the  best  naturalists,  it  would  seem 
at  first  well  nigh  impossible  to  trace  their  relationship  with  the  or- 
dinary Hydroids.  A  Physalia  may,  however,  be  compared  to  a  fixed 
colony  of  Hydractinia  or  Coryne,  for  example.  Each  Physalia  is 
either  male  or  female,  and  consists  of  four  kinds  of  zooids ;  viz., 
nutritive  and  reproductive,  with  medusa  buds,  which,  by  their 
contractions  and  dilatations  propel  the  colony  onward ;  and  the 
^^feeders,"  a  set  of  digestive  tubes  which  nourish  the  entire  colony. 

The  Siphonophores  (as  observed  by  Gegenbaur,  Kowalevsky, 
Hseckel  and  Metschnikoff,  in  Agalma  and  several  other  genera) 
arise  from  eggs  which  pass  through  a  morula  stage,  into  a  ciliated 
planula,  whose  body  consists  of  an  ectoderm  and  endoderm.  The 
gastro-vascular  cavity  m  the  Siphonophores,  as  in  the  lower  Hy- 
droids so  far  as  observed,  is  formed  by  a  fold  of  the  endoderm, 
while,  as  we  shall  see  farther  on,  in  the  Discophorous  jelly  fishes  it 
is  formed  by  an  infolding  of  the  ectoderm. 

The  fhrther  development  of  Nanomia,  a  Siphonophore  native  to 
our  northern  shores,  from  the  larval  state,  has  been  described  and 
figured  by  Mr.  A.  Agassiz.  To  use  nearly  his  own  words,  the 
Nanomia  consists,  when  first  formed,  of  an  oblong  oil  bubble, 
with  but  one  organ,  a  simple  digestive  cavity.  Soon  between  the 
oil  bubble  and  the  cavity  arise  a  number  of  medusa  buds,  though 
without  any  ^^ proboscis"  (manubrium),  as  these  medusa  buds, 
called  ^*'  swimming  bells,"  are  destined  to  ^'  serve  the  purpose  of 
locomotion  only,  having  no  share  in  the  function  of  feeding  the 
community."  After  these  swimming  buds,  three  kinds  of  Hydra- 
like zooids  arise.  In  one  set  the  Hydra  is  open-mouthed,  and  is 
in  fact  a  digestive  tube,  its  gastro-vascular  cavity  connects  with 
that  of  the  stem,  and  thus  the  food  taken  in  is  circulated  through- 
out the  community.  These. are  the  so-called  '^feeders."  The 
second  set  of  Hydras  differ  only  from  the  ^^f^seders"  in  having 
shorter  tentacles  twisted  like  a  corkscrew.  In  the  third  and  last 
set  of  Hydras  the  mouth  is  closed,  and  they  differ  from  the  others 
in  having  a  single  tentacle  instead  of  a  cluster.  Their  function 
has  not  yet  been  clearly  explained.  Gradually  new  individuals  are 
added,  until  a  long  chain  of  Hydroids  is  formed,  which  move 
gracefully  through  the  water,  with  the  oil  globule  uppermost, 
which  serves  as  a  fioat  and  is  identical  with  the  large-crested 
"float"  of  the  Physalia. 
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Finally,  the  higher  Hydroids,  Buch  as  ^ginopsls,  ^gineta 
Cunina  and  Lyriope  have  been  found  by  Muller,  Agassiz,  McCrady, 
Leuckart,  Gegenbaur,  Fritz  Muller  and  others,  to  develop  directly 
from  eggs  and  pass  through  a  metamorphosis  as  medusae.  During 
the  past  year  (1874)  Metschnikoff  has  published,  with  many  fig- 
ures, an  account  of  the  development  of  Geryonia,  Polyxenia 
(^gineta)  and  JEginopsis. 

In  these  animals  the  egg  passes  through  a  morula  stage ;  an 
outer  layer  of  cells  (blastoderm)  splits  off  from  the  morula,  form- 
ing the  ectoderm  and  entoderm.  The  embryo,  then,  as  in  Polyx- 
enia, passes  through  a  ciliated  planula  stage.  The  embryo  may 
remain  spherical,  as  in  Geryonia,  or  as  in  Polyxenia  and  ^gln- 
opsis,  the  body  of  the  planula  becomes  greatly  elongated  and 
bomerang-shaped,  and  from  each  end  arc  developed  the  first  two 
tentacles,  then  others,  and  after  a  slight  metamorphosis  the  adult 
form  is  attained. 

The  life  history  of  the  Hydroids  comprises,  then,  the  following 
phases  in  development : — 

1,  a.  Origin  of  3'oung  Hydra  by  budding. 

b.  Origin  of  embryo  from  egg  fertilized  by  spermatozoa. 

2.  Morula  stage. 

8.  Planula  (Gastrula)  stage. 

4.  Hydra-like  form,  attached. 

5.  Medusa,  free  and  discharging  eggs. 
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11.    THE  MEDUSiE  (Discophorae). 

Passing  by  the  Lucernaria,  beautiful  and  interesting,  but  of 
whose  early  development  we  know  nothing,  we  come  to  the  common 
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larger  jelly-fishes  of  our  shores,  which  differ  from  the  bell-shaped 
hydroid  medasaB  in  their  usually  larger  size  and  solid  disk,  as  well 
as  in  the  larger  number  and  greater  complication  of  the  water 
tubes,  which  ramify  and  interbranch  along  the  under  side  of  the 
disk;  and  in  carrying  their  eggs  in  pouches.  In  our  common 
Aurelia  JUxvidida  there  are  four  of  these  large  pouches  occupjring 
the  centre  of  the  disk. 

The  life  history  of  the  Aurelia,  which  we  will  select  as  an  ex- 
ample of  the  mode  of  development  of  this  group,  since  it  is  best 
known,  is  far  less  complicated  than  that  of  the  Hydroids.  The 
ciliated  planulse  may  be  found  in  the  egg  pouches  of  the  female 
Aurelia  during  the  last  of  summer.    Soon  pig.  68. 

after  the  ectoderm  and  entoderm  are 
formed,  a  mouth  is  developed,  and  a  gas- 
tro-vascular  cavity  is  formed  by  the  invag- 
ination of  the  ectoderm,  as  stated  by  Mets-       ^      A>^iv>c>r—- ^fe^^  e 

chnikoff,  and  they  then  pass  into  a  gastrula      ^    ^S^  ]^ /^  ^ 

(planula)  stage  (Fig.  63,  Gastrula  of  a 

form  allied  to  Aurelia ;  a,  mouth ;  6,  gastro-  "   u    '5 

vascular  cavity ;  c,  ectoderm ;  d,  entoderm ;  Gastrula  of  an  Anreiia-Uke 

after   Metschnikoff)?  with  a  mouth  and  Medusa. 

long  digestive  cavity.    After  swimming  about  for  a  while  they  fix 

themselves  to  some  object  at  the  bottom  of  the  sea  and  soon  a 


Fig.  05. 


Fig.  64. 


Soyphistoma  of  Aurelia,  at  differ- 
ent ages.    Magnified. 


Strobila  of  Aurelia. 


pair  of  tentacles  begin  to  develop,  and  then  two  more,  until  not 
more  than  sixteen  are  developed.  When  of  this  hydra-like  form 
(Fig.  64  a,  young ;  6,  older,  after  A.  Agassiz)  it  is  called  a  ^'  Scy- 
phistoma,"  having  originally,  as  well  as  the  Strobila  and  Ephyra, 
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been  mistaken  forand  described  as  an  adult  animal  under  that 
name. 

After  assuming  this  scypbistoma  condition,  trans^^erse  constric- 
tions appear  at  regular  intervals,  dividing  the  column,  as  it  were, 
into  a  pile  of  saucers ;  the  edges  rise,  tentacles  bud  out,  and  the 
animal  assumes  the  form  seen  in  Fig.  65  (after  Agassiz).    The 
Fig.  60.  uppermost    disk    becomes  detached,  the  rest 

separate  one  after  the  other  and  float  away  in 
the  form  of  an  "Ephyra"  (Fig.  66,  after  A. 
,   Agassiz)   and  after  some  weeks  assume  the 
»  aurelia  or  adult  condition  (Fig.  67).    The  gi- 
gantic Cyanea  arctica,  which  attains  a  diam- 
eter of  from  three  to  five  feet  across  the  disk, 
Ephyra of  Aurelia.     ^g  Agassiz  remarks,  is  produced  from  "a  hy- 
droid  measuring  not  more  than  half  an  inch  when  full-grown." 
On  the  other  hand  there  are  several  exceptions  known  to  this 
mode  of  development,  a  few  growing  directly  tr&aa.  the  eggj  with- 

Fig.CT. 


Aurelia  flayidnla.   A^i"  Agassiz. 

out  passing  through  a  hydra,  or  scypbistoma  stage.  Such  is  the 
large  Pelagia,  as  observed  by  Krohn.  Mr.  A.  Agassiz  has  ob- 
served the  same  fact  in  Campandla  pachyderma,  a  minute  jelly 
fish. 

The  Discophores,  then,  develop  in  two  ways : — 

A.   Directly  from  the  egg  (Pelagia  and  Campanella). 
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B.   From  hjdra-like  young  arising  f^om  eggs   (Aurelia  and 
Cyanea)  and  presenting  tbe  following  phases  of  growth : — 

2.  Morula  (?) 

8.  Planula  (Gastrula). 

4.  Scyphistoma. 

5.  Strobila. 

6.  Ephyra. 

7.  Aurelia  (adult). 

LrrERATUBB. 
Nearly  the  same  m  for  the  H  jdroida. 


BBVIEWS  AND  BOOK  NOTICES. 

Hatden's  Geology  of  Colorado.^ — Within  this  bulky  volume 
of  over  seven  hundred  pages  is  contained  a  mass  of  geological, 
topographical  and  biological  facts  concerning  Colorado,  which 
it  must  be  confessed  reflect  great  credit  on  the  management  of 
the  survey  and  the  industry  of  the  gentlemen  employed  upon  it. 
Large  appropriations  have  been  made  by  the  government  for  the 
survey,  as  accurate  and  timely  information  was  wanted.  We  do 
not  see  but  that  ample  and  speedy  returns  have  been  made.  The 
best  possible  topographical  work  was  wanted,  and  the  public  have 
it  from  the  best  possible  source.  Information  concerning  the 
mines  of  Colorado  is  here  given,  while  the  bulk  of  the  volume  is 
taken  up  with  the  legitimate  kind  of  work  to  be  expected  from 
such  a  survey.  To  this  are  to  be  added  reports  on  the  fossil  ani- 
mals and  plants,  and  the  living  animals  and  plants  of  Colorado, 
thus  making  it  a  handbook  for  the  general  reader  and  traveller  as 
well  as  scientist. 

The  geological  and  palaeontological  work  (fossil  plants  as  well 
as  animals)  and  the  living  animals,  are  more  fully  illustrated  than 
in  former  reports.  The  outline  illustrations,  showing  the  topog- 
raphy in  combination  with  the  geology,  are  admirable.    We  have 

lAnnoAl  Report  of  the  United  States  Geological  and  Geographical  Sarreyof  the 
Territories,  embracing  Colorado,  being  a  report  of  progress  of  the  exploration  for  the 
year  187S.  By  F.  V.  Hayden,  (J.  S.  Geologist,  Washington,  D.C.  1874.  8to.  pp.  718. 
With  maps  and  iUnstrations. 
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obtained  clearer  ideas  than  ever  before  of  the  scenic  features  of 
the  Rocky  Mountains. 

The  elevated  plateau  and  mountains  of  Colorado  have  a  unique 
interest  to  the  naturalist.  Most  interesting  questions  in  the  dis- 
tribution of  life,  both  horizontal  and  vertical ;  the  relation  of  the 
physical  aspects  of  Colorado  as  compared  with  the  plateaux  of 
Asia  and  the  mountains  arising  from  them,  will  find  a  partial  solu- 
tion in  the  data  given  in  this  report. 

In  the  first  eighty  pages  Dr.  Hayden  describes  the  chief  objects 
of  geological  interest  from  Denver  to  the  south  and  middle  parks. 
Some  interesting  facts  are  given  concerning  the  ancient  glaciers  of 
Colorado.  He  says  that  there  is  evidence  that  the  Arkansas  valley 
was  formerly  filled  with  an  enormous  glacier  with  branches  of 
greater  or  less  magnitude,  leaving  lake  basins,  moraines  and  im- 
mense granite  bowlders  scattered  over  the  surfaces.  The  figure^ 
on  page  177  is  a  view  of  the  rounded  and  polished  rocks  in 
the  valley  of  a  stream  which  rises  among  a  group  of  peaks  of 
which  the  Mountain  of  the  Holy  Cross  (Fig.  68)  is  the  most  con- 
spicuous. *^The  mountains  on  either  side  rise  to  the  height  of 
2,000  to  3,000  feet  above  the  valley,  and  the  glacial  markings  are 
visible  1,200  to  1,500  feet.  The  morainal  deposits  on  the  north- 
west side  reach  a  height  of  1,200  feet  above  the  stream,  and  form 
a  sort  of  irregular  terrace,  which,  when  cut  through  by  the  little 
side-streams,  show  that  it  is  made  up  of  gravel  and  bowlders 
much  worn.  In  some  instances  there  are  well-worn  cavities  in  the ' 
sides  of  the  mountains,  showing  how  the  running  water,  in  con- 
nection with  a  mass  of  rock,  formed  the  cavity  much  as  a  ^  pot 
hole*  is  made  in  our  streams  at  the  present  time.  Many  of  the 
'sheep  backs'  are  still  covered  with  a  crust-like  enamel,  but  usu- 
ally this  has  peeled  off." 

Returning  to  the  Mountain  of  the  Holy  Cross,  we  are  told  that 
the  main  mass  of  the  peak,  like  the  whole  of  the  bawatch  range, 
is  composed  of  granite  gneiss.  The  summit  of  the  Holy  Cross  is 
covered  with  fVagments  of  banded  gneiss.  The  amphitheatres  on 
all  sides  have  been  gradually  excavated,  as  heretofore  described, 
and  the  more  or  less  vertical  sides  show  the  intermediate  steps 
very  clearly.  The  characteristic  feature  of  the  Mountain  of  the 
Holy  Cross  is  the  vertical  face,  nearly  3,000  feet  on  the  side,  with 

*  We  are  indebted  to  the  courtesy  of  Dr.  Hayden  f«  r  the  uee  of  electrotypes  of 
the  HCC4  ini>a|iying  llgurea. 
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Mountain  of  tbe  Holy  trow,  Colorado. 
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Gothio  Mountain,  Elk  Range,  Colorado. 
Fig.  70. 


(176) 


Italian  Mountain,  Ck>lorado. 
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a  cross  of  snow  which  may  be  seen  at  a  distance  of  fifty  to  eighty 
miles  from  other  mountain-peaks.  This  is  formed  by  a  vertical 
fissure  about  1,500  feet  high,  with  a  sort  of  horizontal  step,  pro- 
duced by  the  breaking  down  of  the  side  of  the  mountain,  on 
which  the  snow  is  lodged  and  remains  more  or  less  all  the  year. 
Late  in  the  summer  the  cross  is  very  much  diminished  in  size  by 
the  melting  of  the  snow  which  has  accumulated  in  the  fissures. 
A  beautiful  green  lake  lies  at  the  base  of  the  peak,  almost  up  to 

Fig.  71. 


Rounded  Rocks  on  Roches  Montonndea  Creek.  Colorado. 

timber  line,  which  fonns  a  reservoir  for  the  waters  from  the  melt- 
ing snows  of  the  high  peaks." 

The  contrast  of  the  volcanic  peaks  with  the  granite  mountains 
is  seen  in  the  accompanying  sketches  of  Gothic  mountain  (Fig. 
69)  and  Italian  mountains  (Fig.  70). 

The  reports  on  the  geology  of  special  areas  are  by  Messrs. 
Marvine,  Peale  and  Endlich,  and  are  fully  illustrated  with  maps 
and  sections.  The  report  on  fossil  plants  by  Mr.  Lesquereux  con- 
tains valuable  remarks  on  the  age  of  the  North  American  Lignitic 
formation,  the  climate  of  the  North  American  Tertiai-y  Period,  ac- 

AMER.  NATURAUST,  VOL.  IX.  12 
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oompanied  by  descriptions  of  a  large  namber  of  new  fossil  plants. 
Prof.  Cope's  report  on  the  fossil  vertebrates  of  Colorado  contains 
descriptions  of  several  new  species  with  eight  lithographic  plates 
illastrating  them.  The  zoology  of  Colorado  is  treated  of  in 
papers  by  Lt.  Carpenter,  Baron  Osten  Sacken,  Dr.  Hagen,  and 
Messrs.  Ulke,  Smith,  Verrill,  Binney,  and  Packard.  The  report 
on  the  geography  and  topography  of  Colorado,  by  Mr.  James  T. 
Gardiner,  possesses  a  high  degree  of  interest,  and  is  an  important 
contribution  to  American  geography. 

BOTANY, 

The  Lotus  in  the  Detroit  Riveb.  —  Early  in  the  sammer  of 
1868,  I  attempted  the  introduction  of  the  Lotus  or  Chincopin 
(Ndumbium  luteum  Willd.)  into  the  Detroit  River,  by  planting  the 
seed  in  nine  different  places.  In  company  with  Mr.  Richard 
Storrs  Willis,  I  planted  (May  2,  1868)  some  of  the  seed  in  three 
places  in  the  Bayou,  at  his  residence  at  Belle  Isle.  Mr.  Willis 
subsequently  informed  me  that  one  plant  was  the  result  of  my 
sowing ;  bat  I  do  not  know  that  it  ever  arrived  at  perfection.  I 
have  not  known  of  my  other  locations  resulting  in  even  this  par- 
tial success.  But  last  summer,  at  a  field  meeting  of  the  Detroit 
Scientific  Association,  at  Grosse  Isle,  several  of  the  flowers  of  this 
beautiAil  sp^es  were  brought  me  for  determination  by  Miss 
Douglass,  who  had  discovered  and  gathered  them  the  day  before 
(August  11,  1874)  in  the  Cannard  River,  Ontario  (a  tributary  of 
the  Detroit)  opposite  Grosse  Isle.  They  may  have  been  over- 
looked there  a  long  time.  The  year  previous  a  young  lad  had  told 
of  finding,  in  the  Cannard,  a  water  lily  different  Arom  all  others, 
which  led  to  the  above  result. 

A  gentleman  has  also  succeeded  in  growing  the  plants  Arom 
seed  in  the  Rouge  River,  which  falls  into  the  Detroit  a  few  miles 
below  the  city.  They  blossomed  for  the  first  time  last  summer. 
Another  firiend,  who  sowed  the  seed  a  year  or  so  ago,  has  had  as 
yet  no  appearance  of  its  growth.  I  am  aware  that  it  often  takes 
years  to  germinate  after  planting.  On  Augiist  12,  1872,  a  seed 
which  I  had  planted  in  my  aquarium,  4}  years  before,  rose  to  the 
surface  of  the  water  in  the  act  of  germinating.  It  afterwards 
sank  to  the  bottom,  and  settling  in  the  mud,  but  not  rooting,  sent 
out  a  long  shoot,  which  (leaf  and  petiole),  on  August  17,  in  24 
hours,  grew  4^  inches  in  length,  the  weather  being  very  warm. 
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One  could  almost  see  the  growth.  Another  seed  planted  at  the 
same  time  and  in  the  same  place  germinated  in  one  year.  —  Henbt 
GiLLMAN,  Detroity  Mich. 

ZOOLOGY. 

The  Geohbtrid  Moths.  —  The  undersigned,  desirous  of  per- 
fecting as  far  as  possible  a  monograph  of  the  Geometrid  moths, 
would  beg  the  assistance  of  collectors,  especially  in^the  western 
and  southern  states,  during  the  coming  season.  He  would  like  in- 
formation especially  regarding  the  early  stages,  viz. :  specimens  and 
descriptions  of  the  larva,  chrysalis  and  their  habits,  as  well  as  the 
food  plants  of  any,  even  the  most  common  species.  Due  credit  will 
be  given  for  any  new  facts.  Out  of  about  four  hundred  species  in 
North  America,  we  know  of  the  caterpillars  of  but  about  twenty 
species.  A  number  of  illustrations  ^  on  the  next  page  show  the 
forms  characteristic  of  this  extensive  family.  The  caterpillars 
are  loopers  or  geometers,  and  are  very  familiar  objects,  feeding 
usually  on  low  bushes  and  herbaceous  plants  late  iii  summer. 

As  every  species  known  is  to  be  figured,  it  is  hoped  that  ento- 
mologists will  lend  their  rarities,  and  thus  aid  in  the  publication 
of  what,  it  is  hoped,  will  be  a  useful  contribution  to  the  study  of 
our  moths.  To  those  aiding  by  the  loan  of  over  twenty  speci- 
mens, a  copy  of  the  work  will  be  sent.  The  larvae  can  be  reared 
easily;  full  instructions  may  be  found  in  the  ^'Directions  for 
preserving  and  collecting  Insects,*'  recently  published  by  the 
Smithsonian  Institution,  and  which  can  be  had  on  application  to 
the  subscriber. 

Any  moths  of  this  family  sent  to  the  subscriber  will  be  named 
and  carefully  returned  if  desired.  The  work  is  about  ready  for 
the  press,  and  specimens  are  desired  at  once.  The  collecting 
season  is  May,  June  and  July,  in  the  middle  and  northern  states, 
June  being  the  month  when  they  are  most  abundant.  —  A.  S. 
Packabd,  Jr. 

A  Double  Headed  Larya  of  a  Flt. —  Professor  tVeyenbergh  of 
Cordova,  La  Plata,  describes  a  double  headed  larva  of  Chirono- 
mus.  The  body  seems  double  throughout,  though  the  two  heads 
b^n  to  unite  on  the  second  segment  behind  the  head,  and  become 
fhlly  united  on  the  sixth. 

1  Most  of  the  cuts  are  Undlj  loaned  by  Prof.  F.  V.  Hajden,  haying  been  taken  flrom 
his  annual  report  for  1873  on  the  (Geology  of  Colorado  Territory. 
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Eufitchia  ribearia. 


Macaria  Cnliforuiata. 


Euuspilates  spinataria. 


Marmopteryx  tessellatn. 


Aspllatea  4-fasciaria. 


Canlostoma  occiduaria. 


Drepanorles  varna,  with  larva 
and  pupa. 


Anisopteryx  vernata. 
EXAMPLES   OF   GEOMETRID   MOTHS. 
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Influence  of  Elevation  and  Latitude  upon  the  Distribu- 
tion OF  Species. —  It  is  surprising  to  what  extent  observers  still 
overlook  the  fact  of  the  influence  of  elevation  upon  the  distribu- 
tion of  animal  and  vegetable  life ; — that  they  should  still  regard 
parallels  of  latitude,  instead  of  isothermal  lines,  as  bounding  the 
habitats  of  species.  That  such  is  the  case,  however,  is  sufficiently 
apparent  from  such  notices  as  that  in  the  December  Naturalist, 
respecting  the  summer  distribution  of  the  chestnut-sided  warbler 
{Dendroica  Pensylvanica)^  which  is  but  a  sample  of  such  remarks 
as  frequently  occur  in  reference  to  the  distribution  of  our  birds 
and  mammals.  The  merest  tyro  in  the  study  of  the  geographical 
distribution  of  animals  knows  that  their  range  is  not  only  deter- 
mined by  climatic  influences,  but  that  these  influences  depend 
largely  upon  the  character  of  the  surface  of  the  country,  as,  for 
instance,  whether  it  is  a  level  plain  or  is  broken  by  mountain 
ranges,  and  that  increase  in  elevation  is  climatically  equivalent  to 
an  increase  in  latitude.  If  authors  would  use  isothermal  lines  in 
giving  the  distribution  of  a  species,  instead  of  arbitrary  political 
divisions,  they  would  be  able  to  speak  with  much  greater  precision 
in  such  matters  than  is  customary  at  present.  The  isotherms  are 
now  80  well  established,  and  a  knowledge  of  them  may  be  so  easily 
acquired  by  means  of  our  meteorological  maps,  that  it  seems  quite 
time  to  adopt  them  in  speaking  of  the  distribution  of  species. 

While  southern  New  England  may,  generally  speaking,  form 
the  southern  limit  of  the  breeding  range  of  a  bird,  or  of  the  dis- 
tribution of  a  mammal,  reptile  or  plant,  the  same  species  may, 
and  generally  does,  exist  in  the  highlands  of  the  Alleghanies  as 
far  south  as  northern  Georgia ;  and  even  species  which  occur  only 
to  the  northward  of  southern  Maine,  in  the  lowlands,  not  only 
occur  in  the  highlands  of  Berkshire  county,  Massachusetts,  but 
also  southward  in  the  Alleghanies  to  North  Carolina. 

A  great  point  will  be  gained  in  precision  when  naturalists  come 
to  use  natural  faunal  areas,  instead  of  arbitrary  political  divisions, 
in  speaking  of  the  distribution  of  species.  If  Dr.  Brewer  had 
said,  in  speaking  of  the  chestnut-sided  warbler,  ^^  not  knovm  to 
breed  south  of  the  Alleghaman  Fauna"  instead  of  "  not  known  to 
breed  farther  south  than  Massachusetts,"  he  would  not  only  have 
expressed  the  fact  with  precision,  so  far  as  our  present  knowledge 
extends,  but  would  have  saved  himself  the  exposure  to  such  criti- 
cism as  that  made  by  Mr.  Stark  (Am.  Nat.,  VIII,  p.  756,  Dec., 
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1874).  I  mention  the  present  case  merely  by  way  of  illnstration, 
and  not  for  the  purpose  of  making  any  special  strictures  upon  my 
friend  Dr.  Brewer,  who  is  by  no  means  in  this  respect  an  ex- 
ceptional transgressor.  If  it  is  urged  that  the  people  would  not 
understand  such  expressions  as  the  ^^  Alieghanian  Fauna,"  and  the 
like,  it  may  be  said  that  the  time  has  come  when  they  should  be 
familiar  with  them.  Most  intelligent  people  know  that  isothermal 
lines  vary  in  direction  with  the  elevation  and  contour  of  the  land 
over  which  they  pass,  sweeping,  in  our  own  country,  far  to  the 
southward  in  leaving  the  lowlands  of  the  Atlantic  coast ;  that  they 
pass  southward  of  the  Appalachian  Highlands,  and  then  bend 
abruptly  northward  again  along  their  western  base.  It  is  time 
they  knew,  also,  that  the  different  zones  of  animal  life  follow  the 
flexures  of  the  isotherms,  and  that  there  are  natural  faunal  belts, 
sufficiently  distinct  to  be  capable  of  recognition,  whose  bound- 
aries coincide  very  nearly  with  certain  of  these  isotherms.  Furth- 
ermore, that  throughout  eastern  North  America,  at  least,  these 
faunal  belts  are  already  well  known  to  specialists  of  the  subject, 
and  that  there  already  exist  definite  expressions  for  such  cases  as 
the  one  that  has  fhmished  the  text  for  the  present  note.  I  will 
add,  also,  that  so  much  is  already  known  of  the  laws  of  the  geo- 
graphical distribution  of  animal  life,  that  one  could  have  safely 
assumed,  from  our  present  knowledge  of  the  general  range  of 
the  chestnut-sided  warbler,  that  from  its  being  a  rather  common 
summer  resident  in  southern  New  England,  it  would  also  be  found 
to  breed  in  the  mountainous  districts  as  far  south  even  as  northern 
Georgia. — J.  A.  Allen. 

GEOLOGY  AND  PAUiOHTOLOGY. 

New  Obder  of  Eocene  Mammals. — At  the  last  meeting  of  the 
Connecticut  Academy,  Feb.  17th,  Professor  O.  C.  Marsh  made  a 
communication  on  a  new  order  of  Eocene  Mammals,  for  which  he 
proposed  the  name  JHHodontia.  These  animals  are  among  tiie 
most  remarkable  yet  discovered  in  American  strata,  and  seem  to 
combine  characters  of  several  distinct  groups,  viz. :  Carnivores, 
Ungulates  and  Rodents.  In  TiUothenum  Marsh,  the  type  of  the 
order,  the  skult  has  the  same  general  form  as  in  the  bears,  but  in 
its  structure  resembles  that  of  Ungulates.  The  molar  teeth  are  of 
the  ungulate  type,  the  canines  are  small,  and  in  each  Jaw  there  is 
a  pair  of  laiige  scalpriform  incisors  faced  with  enamel,  and  grow- 


Digitized  by  VjOOQIC 


ANTHROPOLOGY.  183 

iiig  ftom  persistent  pulps,  as  in  Rodents.  The  adult  dentition  is 
as  follows  :  —  Incisors  f  ;  canines  |  ;  premolars  ^  ;  molars  ^. 
The  articulation  of  the  lower  jaw  with  the  skull  corresponds  to 
that  in  Ungulates.  The  posterior  nares  open  behind  the  last  upper 
molars.  The  brain  was  small,  and  somewhat  convoluted.  The 
ik^etoa  most  resembles  that  of  Carnivores,  especially  the  UrsidcBj 
but  the  scaphoid  and  lunar  bones  are  not  united,  and  there  is  a 
third  trochanter  on  the  femur.  The  radius  and  ulna,  and  the  tibia 
and  fibula  are  distinct.  The  feet  are  plantigrade,  and  each  had  five 
digits,  all  terminated  with  long,  compressed  and  pointed,  ungual 
phalanges,  somewhat  similar  to  those  in  the  bears.  The  other 
genera  of  this  order  are  less  known,  but  all  apparently  had  the 
same  general  characters.  There  are  two  distinct  families,  TiUo' 
theridce^  in  which  the  large  incisors  grew  from  persistent  pulps, 
while  the  molars  have  roots ;  and  the  Styliiwdontidm^  in  which  all 
the  teeth  are  rootless.  Some  of  the  animals  of  this  group  were 
as  lai^e  as  a  tapir.  With  Hyrax  or  the  ToxodoinJtia  the  present 
order  appears  to  have  no  near  affinities. 


ANTHBOPOLOGY. 

Clat-balls  as  Slung  Shot  ob  Cooking  Stones.  —  Round 
balls  of  clay  as  hard  as  that  material  could  be  made  were  seen 
in  the  museum  of  Nassau,  N.  P.,  labelled  from  a  cave  in  the 
Islands.  These  might  be  used  for  two  purposes,  as  they  were 
round  and  the  size  of  a  hen's  ^g ;  first,  their  size  and  shape  fitted 
them  for  a  weapon  of  warfare,  if  wrapped  in  buckskin  or  hide 
drawn  very  tight  over  it  and  fastened,  leaving  a  loose  end,  which, 
being  firmly  fastened  over  a  strong  stick,  forms  a  formidable  slung 
shot.  The  Apache  Indians  make  and  use  the  same  kind  of  im- 
plement, which  they  use  in  battle,  only  their  balls  are  of  stone. 
The  second  use  to  which  they  might  be  applied  is  in  cooking.  After 
being  heated  very  hot  they  were  probably  placed  in  the  substance 
to  be  cookedj  then  taken  out  and  this  operation  repeated  until  re- 
quired no  more.  The  ancient  Indians  of  the  Bahamas  made 
pottery,  as  pieces  found  testify,  therefore  they  could  cook  in  ves- 
sels of  pottery  when  stationary,  but  if  travelling,  it  would  be  in- 
convenient to  carry  them,  as  they  easily  break ;  but  they  could 
make  deep  baskets,  or  trays  of  twigs,  or  leaves  of  the  palm-trees 
so  tight  that  they  held  water ;  thus,  by  putting  water  with  whatever 
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was  desired  to  cook,  they  would  drop  in  these  balls  of  cUy  re^ 
hot,  and  repeat  the  operation  until  the  cooking  was  conipleted, 
without  injury  to  the  basket.  There  are  several  tribes  of  Indiaos 
in  Arizona,  New  Mexico,  Utah  and  California,  which  make  water- 
tight baskets  of  willow  twigs,  and  1  have  several  times  seen  them 
cook  by  heating  stones  and  dropping  them  into  these  baskets  filled 
with  the  articles  to  be  cooked.  It  might  be  urged  against  this 
mode  of  cooking,  that  it  wasted  the  food,  as  so  much  must  stick 
to  the  balls  every  time  they  were  taken  out.  This  would  be  true 
if  they  did  not  use  their  tongues  to  clean  off  all  that  adhered. 
Then  if  the  mass  were  increased  b}^  a  few  ashes  adhering  to  th» 
balls,  that  would  be  nothing  to  them.  Ashes  were  at  least  as 
healthy  for  them,  as  pepper  and  other  condiments  used  by  white 
men.  —  E.  Palmer. 

MICBOSCOPY. 

American  Microscopical  Societies. — The  following  list  of 
Microscopical  organizations  is  published  to  facilitate  the  work  and 
increase  the  intercourse  of  the  societies  themselves,  as  well  as 
of  microscopists  generall}'.  Revised  lists  will  be  published  from 
time  to  time,  for  which  purpose  secretaries  and  others  interested 
are  specially  requested  to  furnish  such  corrections  and  additions 
as  may  become  necessary. 

AOASSiz  Institute,  Sacramento,  Cnl.  Oi'gnnizcd  1874.  Secretitry,  Rev.  J.  H.  O 
Bi'oitte. 

academy  op  Natural  Sciences,  Philadelplila,  Pennsylvania;  Biologrical  and 
Microbcopiual  Section.  Meets  flr»t  Monday  evening  of  moiitii.  Directar^  W.  R.  8. 
Ruschen burger,  M.  D.;  Vice- Directory  James  Tyson,  M.  D.;  Recorder^  J,  G.  Ricbard- 
hon,  M.  D. 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE;  MlcroSCOpical    Sub- 

S;}Ction.  Meets  oocadiuually  in  connection  witli  tlie  migratory  besfisions  of  tbe  ^Vssocia- 
tion. 

AMERICAN  MICROSCOPICAL  SOCIETY  OF  NEW  YORK.  Organized  1805.  Meets  second 
and  ftiurtli  Tnesday  evenings  of  the  month.  Presitlent,  John  B.  Itich,  M.  D.;  Vice- 
PresideiU,  W,  H.  Atkin.Hon,  M.  D. ;  Secretary,  C.  F.  Cox,  Port  Richmond,  Stuten  Island, 
X.  v.;  Trecuurerj  Prof.  T.  L.  Orenieu;  Curator,  Wm   Dean. 

Bailey  Club,  New  York  City.  A  small  club  of  working  members.  Meetings  in- 
formal, every  second  Tuesday. 

Boston  Microscopical  Society.  Org.iniz«»d  187.1.  MuetA  flr^t  and  third  Thursdays 
ol  month,  at  residenceH  of  mcnibery.  Ptesident^  L  M.  WIIIIj*.  M.  I>  ;  Vice-President, 
1.  J.  Wetherbee,  D.  D.  8.;  Secretary  and  Treasurer,  R.  R.  Andrews,  M.  D.,  Brattle 
Square,  Oambiidge,  Mass. 

BDsroN  SOCIETY  OF  NATURAL  HISTORY;  Mlcroscoplcal  Section.  Commiltet,  E. 
Bickiiell.  R.  C.  Gi-eenleaf,  B.  Joy  Jeffries.  M.  D. 

Dartmouth  Microscopical  Club.  Hanover,  N.  H.  PreHdent,  Prof.  K.  Phelps; 
1  ice- i 'resident,  Pr«»f.  L.  B.  Hull;  Cor.  Secretary,  H.  A.  Cnttlng,  Luiienburgh.  V't. 

Fairmou.nt  Microscopical  Society  of  Pliiladelpluu,  Orgnniztd  1871.  Meets 
monthly.  President,  F.F.  Milne;  Secretary  and  Trea^^urcr,  Wm.  C.  Stevenson,  Jr.,  24 
S  mth  4ih  St. 

Indiana  Microscopical  Society,  Indianapolis.  Ind.  Organized  1874.  Meets  fl  st 
Fiiday  evening  of  month.  PreHdent,  William  B.  Fletcher,  M.  D.;  Secretary  aid 
TYe.. surer,  E.  lladley,  M.  D.,  PJl  Va.  Ave. 

KiRTi.ANi)  Society  of  Natural  History,  Cleveland,  Ohio;  Mlcroscoplcil  Branch. 
Secretary,  John  Bowers. 
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LouisviLLK  Microscopical  Society.  Lonievillc,  Ky.  Organlzetl  1874.  Pnaidfut, 
Prof.  J.  L!iwT«nce  Smith;  Vice- /'reslffeuia  Noble  Butler  ninfC.  F.  Cjirjienter,  M  D  ; 
Trecturer,  C  J.  v.  Allen;  Secretary.  John  WiUiamBon;  Cor.  Secretary,  E.  S.  Crosier, 
M.  1). 

Maiiyi.and  Academy  of  Sciences.  Baltimore,  Md.;  Section  of  Biolopr>-  an«l  MScros- 
co)iy.  MiHJt-i  tlfdt  and  third  Wednesday  evenings  of  month.  Chainnan,  Chrutcpher 
JohQ-^ton.  M.  D.;  Secretary,  W.  G.  HaiTison*  M.  D..  69  Centre  St. 

Memphis  Miciioscopical  Society,  Memphis,  Tenn.  Orir:\iilzpd  1874.  ^feets  fir#^t 
and  third  Thursday  ereniuGTs  of  mouth.  President,  S.  P.  Cutler.  M.  D.;  Secretary  and 
Tr>',uturer,  \.  F.  Dod.  2.57  Main  St. 

New  Jeksey  Microscopical  Society  of  the  City  of  New  Brunswick,  N.  J.  Meets 
secoud  Monday  evening  of  month  at  Rutger*s  College.  PreMdenl,  l*rof.  F.  C.  Van 
Dyrk;  Rec.  Secretary  ^  Rev.  Sam'l  Lockwood,  Ph.D  .Freehold,  Monmouth  Co.,  N.  J. 

PuoviDBXCK  Franklin  Society.  Providence,  R. I.;  Microsco|iical  Uepartmenf.  Or- 
ganized 1874.  Chairman.  Prof.  Eli  W.  Blake;  Secretary^  Prof.  John  Peirce,  Poht  office 
box  N.  N. 

San  Francisco  Microscopical  Society,  San  Francisco,  Cal.  Organized  1872. 
Meets  Hr:it  and  third  Thnrsdays  of  mouth.  Preeident,  Henry  G.  Hanks;  Vice-Z^resi- 
df.nU  Arthur  B.  Stout,  M.  D.;  Rec  Secretary.  C.  Mason  Kinno,  422  Cal.  St.;  C'>r.  Secre- 
tary, Henry  C.  Hyde;  Treasurer ^  Chas.  G.  Ewlng. 

Society  of  Natural  Sciences,  Buffalo,  N.  Y.;  Microscopical  Section.  Organized 
1872.    Curator,  Henry  Mdls,  IfS  Fargo  Ave. 

STATE  Microscopical  "society  of  Illinois,  <  hlcago.  III.  Organized  1889.  Meets 
second  and  fourth  Fridays  of  month.  President,  S.  A.  »  rigg^;  Ccr.  Secretary,  O.  S. 
We  t«-ott. 

State  Microscopical  Society  of  Micbioan,  Kalamazoo,  Mich.  PreHdent,  Rev. 
Dr.  Foster. 

Troy  scientific  Association,  Trov.  N.  Y.;  Microscopical  Section.  Organized 
187«l.  Meets  monthly.  President,  R.  H.  ward,  M.  D.;  Vice  PreHilent,  Rev.  A.  B.  Her- 
vev ;  Secretary,  Prof.  Arthur  W.  Bower,  85  Seventh  St. 

TYKDAL  ASSOCIATION,  Columluis,  Ohio;  Micro-«'*opical  Section.  Organized  1874. 
Pi-esuient,  Prof.  .VlbertH.Tuttle;  Secretary^  C.  I*eo  Mees;  Curator,  Rev.  1.  F.  Slidham, 
171  South  3d  St. 

New  Slit  for  Testing  Angular  Aperture. — Believing  Mr. 
Wenham's  apparatus  for  this  purpose  to  be  unnecessarily  compli- 
cated, Mr.  Tolles  lias  constructed  a  very  simple  substitute  which 
is  easily  made  and  used.  A  piece  of  silvered  glass  mirror  is  cut 
to  a  convenient  size  (say  3x1),  the  silvered  surface  being  pro- 
tected by  varnish  so  that  it  can  be  handled.  Through  the  silver- 
ing a  vertical  slit  is  cut,  the  surface  of  the  slit  being  cleaned  by  a 
little  dilute  acid.  This  slit  may  be  as  wide  as  the  field  of  the  high- 
est power  objective  to  be  tested.  A  part  of  this  slit  is  covered  with 
a  cover-glass  under  which  and  directly  upon  the  slit  are  test  dia- 
toms, dry  upon  one  portion  of  the  co>"ered  part  of  the  slit  and 
balsam-mounted  upon  the  rest,  so  that  the  slit  can  be  used  while 
tests  of  the  definition  of  the  objective  are  actually  in  view.  If  a 
high-angle  objective  be  adjusted  for  the  thickest  cover  it  is  capable 
of  working  through,  and  then  tested  upon  the  uncovered  portion 
of  this  slit,  the  very  great  aberration  will  give  a  small  and  imper- 
fectl}'  defined  angle ;  if  then  tested  upon  the  covered  portion  of 
the  slit,  the  definition  is  greatly  improved  and  the  angle  largely 
increaaed.  If  now  water  or  glycerine  is  introduced  to  make  con- 
tact between  the  cover  and  the  objective,  definition  becomes  good, 
and  the  diatoms  are  exhibited  on  a  well  illuminated  field,  while 
the  aperture,  now  an  immersion  angle,  can  be  measured  with  the 
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proper  appliances,  snch,  for  instance,  as  the  semi-cylinder  origin- 
ally introduced  for  this  purpose  by  Mr.  Tolles. 

A  slit  one-half  or  one-third  as  wide  as  the  field  gives  equally 
good  results  where  water-contact  of  the  objective  is  used,  but  when 
working  through  air  reduces  the  angle  to  an  evidently  fallacious 
degree.  Glycerine  is  a  better  substitute  for  glass  than  water  is, 
and  therefore  for  a  thin  cover  and  an  objective  corrected  for  best 
work  through  thick  covers,  glycerine  should  always  be  preferred 
to  water  as  the  immersion-fluid. 

(( 180°*'  Angitlab  Apebtube. — The  latest  contribution  to  this 
subject  is  a  note  from  Mr.  Wenham,  which,  besides  its  personal- 
ities, consists  of  a  violent  attack  upon  an  article  in  the  Natubaxist 
for  advocating  "  180°."  As  the  article  referred  to  simply  mentioned 
the  180°  as  the  claim  of  a  certain  optician,  and  did  not  say  one 
word  in  favor  of  the  propriety  of  the  claim,  the  minor  inaccura- 
cies of  Mr.  Wenham's  note  may  well  pass  uncorrected,  while  its 
sneering  tone  will  be  rated  at  its  true  worth  by  those  who  are 
familiar  with  the  courtesies  of  literature  and  science.  The  treat- 
ment which  Mr.  Wenham  has  received  from  the  Natubalist  for 
years  past  is  sufficiently  well  known. 

Lest  any  future  writer,  rather  than  use  a  tiresome  curcumlocu- 
tion,  should  unfortunately  say  180°  when  he  wished  to  say  indefi- 
nitely near  to  180°,  it  would  be  well  to  have  it  understood  that  no 
one  need  consider  it  either  necessary  or  handsome  to  make  such 
unguarded  expression  the  occasion  of  an  abusive  reply. 

Caps  fob  Mounting  Opaqub  Objects.  —  Prof.  John  Peirce  of 
Providence,  B.  I.,  has  had  a  die  cut  for  making  a  novel  kind  of 
cell,  which  is  excellent  for  mounting  large  opaque  objects,  such  as 
many  mineral  specimens  and  nearly  all  seeds,  which  require  to  be 
permanently  preserved  and  at  the  same  time  show  best  without  a 
cover-glass.  The  cell  is  made  of  thin  copper,  and  has  the  shape 
of  a  hat  with  a  very  low  crown.  The  rim  at  the  bottom  is  to  be 
cemented  with  marine  glue  to  the  glass  slide,  and  the  top  of  the 
crown  is  a  removable  cap  slipped  on  or  off  at  pleasure,  so  that  the 
object  can  be  examined  or  manipulated  with  the  greatest  facility. 
Though  not  prepared  for  the  trade,  they  could  probably  be  ob- 
tained, in  exchange  or  otherwise,  by  any  microscopist. 

RoGEBs'  MiOBOMETERS  AND  Test  Plates. — Mr.  Bogcrs  of  the 
Cambridge  Observatory  has  made  arrangements  to  furnish  micros- 
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copists  with  samples  of  his  fine  raling  on  glass  which  has  been 
already  noticed  in  the  Naturalist.  The  lines,  which  excel  any 
with  which  we  are  familiar  except  the  Nofoert  lines,  are  now  ruled 
from  y^  to  j^jnf  inch,  on  glass  slips  8x1,  and  covered  with  thin 
glass.    They  cost  $8  or  less,  according  to  fineness. 

The  Abqakd  Burner. — Microscopists  who  nse  illominating 
gas  with  the  common  Argand  burner  will  be  interested  in  Mr. 
John  H.  Martin's  suggeedion  of  placing  a  thin  piece  of  mica,  with 
a  small  hole  punched  in  its  centre,  upon  the  top  of  the  glass  chim- 
ney. A  more  perfect  combustion  of  the  oarburetted  hydrogen  is 
secured,  giving  a  very  steady  fiame,  and  the  AiU  amount  of  light 
with  the  gas  turned  about  half  off. 

MoNOCHROicATio  SuNLiGHT.  —  Instead  of  a  small  disk  of  blue 
glass  which  has  long  been  used  in  connection  with  a  shutter  or 
diaphragm  or  with  some  illuminating  apparatus,  Mr.  J;  E.  Smith 
recommends  a  blue  glass  pane  of  about  12  x  18  inches,  standing 
at  the  edge  of  the  table,  between  the  microscope  and  an  open  win- 
dow through  which  the  direct  sunlight  enters.  The  pane  is  sup- 
ported by  a  cleat,  so  that  it  can  be  instantly  placed  in  position 
or  removed.  The  whole  instrument  stands  in  the  blue  light,  and 
is  managed  exactly  as  with  ordinary  diffused  daylight. 

Ahphipleura  pelluoida.  —  The  latest  measurement  of  the 
stri«  of  this  favorite  "test"  is  that  of  Prof.  E.  W.  Morley,  of 
Hudson,  Ohio,  communicated  to  the  Memphis  Microscopical  So- 
ciety, which  estimates  the  markings  at  92,600  to  the  linear  inch. 

NOTES. 

Professor  Ludwig's  JubUdum  or  the  celebration  of  the  twenty- 
fifth  year  of  his  professorship,  took  place  at  Leipzig,  October  15. 
This  eminent  teacher,  founder  of  the  Saxon  Physiologische  An- 
stalt  has  in  the  past  quarter  of  a  century  had  more  than  a  hundred 
and  fifty  private  students,  whom  he  has  trained  in  special  investi- 
gations, and  of  whom  many  have  since  become  distinguished  pro- 
fessors. There  was  a  large  assemblage  of  friends  and  pupils  to 
take  part  in  the  ceremonies,  including  Professors  Ernst  Heinrich 
Weber,  the  Nestor  of  physiology  ;  Helmholtz,  Du  Bois  Reymond, 
and  others  of  less  fame  from  Upsala,  Moscow,  Edinburgh,  Brus- 
sels', Vienna,  etc.   The  oldest  scholar  proved  to  be  Profisssor  Pick, 
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of  Ziirich,  and  on  bim  devolved  the  congratulatory  address,  at  the 
conclusion  of  which  a  curtain  fell,  uncovering  a  bust  of  Professor 
Ludwig  which  had  been  made  by  Professor  Schilling  of  Dresden. 
Professor  Cyon,  of  St.  Petersburg,  spoke  in  behalf  of  Ludwig's 
Russian  students,  and  the  curtain  fell  again,  displaying  an  ex- 
quisite silver  clock.  Professor  Miiller  presented  an  album  with 
photographs  of  all  his  pupils.  But  the  finest  of  possible  gifts 
was  the  superb  volume  of  sixteen  memoirs  on  anatomy  and 
physiology  which  had  been  prepared  as  a  lasting  commemoration 
of  the  day.  Then  followed  addresses  ftom  former  colleagues  in 
ZiJrich  and  Vienna,  and  presentations  of  memoirs  dedicated  to 
Ludwig  and  sent  by  various  learned  societies.  In  the  afternoon 
the  company  assembled  again  in  the  H6tel  HauflTe  for  a  dinner 
given  to  the  Professor,  at  which  there  was  more  speech-makiug. 
"I  am  an  old  man,"  said  Weber  in  private  conversation,  "but  I 
have  never  seen  or  heard  of  so  much  honor  being  done  to  any 
professor.  It  has  never  happened  (Ea  ist  nie  dageweaen)/'  In  the 
evening,  at  Professor  Ludwig's  own  house,  the  guests  found  fifty 
congratulatory  telegrams  spread  upon  the  table,  which  had  been 
sent  from  the  principal  towns  of  every  part  of  Europe. — Nation. 

The  trustees  of  the  Peabody  Museum  of  Yale  College, — Pro- 
fessors James  D.  Dana,  Benjamin  Silliman,  George  J.  Brush  and 
Othniel  C.  Marsh,  Gov.  IngersoU,  Hon.  R.  C.  Winthrop,  and  G. 
P.  Wetmore, — have  decided  to  proceed  to  the  immediate  erection 
of  one  wing  of  the  building,  at  a  cost  of  $160,000.  The  lot  on 
which  it  is  to  stand  extends  from  Elm  to  Library  streets,  being 
one  hundred  and  forty-five  feet  deep,  and  four  hundred  and  four- 
teen feet  in  length.  The  front  of  the  entire  building  will  extend 
three  hundred  and  fifty  feet  on  High  street.  The  wing  to  be 
erected  at  this  time  will  have  a  front  of  one  hundred  fifteen  feet 
on  High,  and  one  hundred  feet  on  Elm  streets,  and  will  contain 
three  stories  with  a  high  basement.  The  basement  will  contain 
working  rooms,  and  fossil  foot-prints ;  the  first  main  story,  a  lecture 
room  and  mineralogical  specimens;  the  second  story,  geology, 
especially  fossil  vertebrates;  the  third  story,  zoological  speci- 
mens ;  the  attic,  archaeological  and  ethnological  specimens.  The 
mineralogical  collection  of  the  Museum  is  to  be  under  the  charge 
of  Professor  G.  J.  Brush,  the  geological  department  under  Pro- 
fessor O.  C.  Marsh,  and  the  zoological  under  Professor  A.  E.  Ver " 
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rill.  The  original  gift  of  Mr.  Peabody  was  $150,000,  with  the 
provision  that  a  fire-proof  building  be  erected,  and  $50,000  kept 
as  a  reserve  fund.  In  accordance  with  the  terms  of  the  gift,  the 
land  is  to  be  given  by  the  college,  and  the  building,  when  com- 
pleted, is  to  be  the  property  of  the  college.  A  building  fund  has 
been  reserved  which  will  not  be  used  until  it  amounts  to  at  least 
$100,000. 

Sir  Charles  Ltell,  the  eminent  geologist,  died  Feb.  22,  at  the 
age  of  seventy-seven.  He  was  born  Nov.  14,  1797.  He  began 
to  publish  geological  papers  in  1826.  In  1830  appeared  his 
"Principles  of  Geology."  This  work  was  original  in  its  method, 
as  the  author  sought  to  explain  past  geological  events  by  laws  in 
operation  at  the  present  time.  The  doctrine  is  called  Uniformita- 
rianism,  and  is  of  a  piece  with  Darwinism  and  evolution.  Lyell 
in  a  measure  was  to  geology  what  Darwin  is  to  biology. 

Sir  Charles  Lyell  visited  this  country  in  1841.  His  journey 
resulted  in  the  publication  of  ''Travels  in  North  America  in 
1841-2."  "A  Second  Visit  to  the  United  States"  appeared  in 
1849.  His  "Geological  Evidences  of  the  Antiquity  of  Man"  was 
published  in  1863,  in  which  he  endorsed  the  theory  of  Mr.  Darwin, 
though  previously  opposed  to  the  development  hypothesis,  which 
his  whole  course  of  geological  tliought  had  unconsciously  perhaps 
to  himself  favored. 

The  Cornell  University  has  just  received  from  Australia,  through 
Prof.  II.  A.  Ward,  a  foetal  Dugong  (Halicore  australis),  about  2^ 
feet  long,  well  preserved  in  salt.  The  intestines  had  been  re- 
moved, but  the  other  viscera,  including  the  peculiar  bifid  heart, 
are  in  good  condition. 

It  is  ray  hope  that  its  dissection  may  throw  some  light  upon  the 
general  homology  of  the  pectoral  muscles  with  mammals;  and 
that  its  brain  and  other  organs  may  lend  some  aid  to  our  knowl- 
edge of  the  relations  of  this  peculiar  group  of  aquatic  Herbiv- 
ora.  —  Burt  G.  Wilder. 

The  Newark  (New  Jersey)  Scientific  Association  was  organized 
in  January  last,  with  the  following  ofiScers : — President,  Dr.  A.  M. 
Edwards ;  Vice  President,  Dr.  A.  N.  Dougherty ;  Secretary,  G.  J. 
Hagar;  Treasurer,  W.  S.  Nichols.  The  Association  will  hold 
monthly  meetings,  give  lectures  and  form  a  cabinet.  It  intends 
to  pay  special  attention  to  local  natural  history,  and  do  what  it 
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can  in  promoting  science  in  Newark  and  vicinity.  We  are  glad  to 
see  these  new  societies  come  into  existence,  and  hope  that  eveiy 
city  and  town  in  the  country  will  soon  have  its  scientific  society. 

Ws  have  been  requested  by  the  author  to  state  that  the  Con- 
gressional edition  of  Capt.  W.  A.  Jones'  report  on  his  reconnais- 
sance of  N.  W.  Wyoming,  in  1873,  contains  only  one-half  of  Mr. 
T.  B.  Comstoc^'s  geological  report.  The  copies  ordered  for  the 
use  of  the  Engineer  Office  in  Washington  (to  be  published  as 
soon  as  possible)  will  contain  seven  more  chapters,  with  twenty- 
nine  additional  cuts.  The  forthcoming  portion  will  be  more  valu- 
able than  the  eight  chapters  abeady  published. 

*'The  Natural  History  Association  of  North  Western  Ck)llege," 
at  Naperville,  Illinois,  has  recently  completed  its  organization. 
The  following  are  the  officers : — J.  L.  Rocky,  President,  A.  Gold- 
spohn,  Vice  President,  J.  W.  Troeger,  Secretary,  C.  F.  Rassweiler, 
A.  M.,  Treasurer,  Prof.  H.  H.  Rassweiler,  Curator,  Miss  N.  Cun- 
ningham, Directress  of  the  Botanical  Department,  C.  H.  Dreis- 
bach,  Director  of  the  Mineralogical,  and  J.  W.  Troeger  of  the 
2^1ogical. 

The  ^^  Dunkirk  Microscopical  Society '*  was  organized  in  June 
last  and  now  consists  c^  thirteen  members.  Its  officers  are  Prof. 
J.  W.  Armstrong,  D.  D.,  President,  and  Geo.  R.  Blackham,  M.D., 
Vice  President,  Treasurer  and  Secretary.  Its  regular  meetings 
are  held  on  the  second  Friday  of  each  month. 

A  Fungus  show  has  been  held  at  Munich,  in  the  Crystal  Palace 
there,  ftom  October  Srd  to  11th,  and  is  said  to  have  been  visited 
by  nearly  50,000  persons.  The  arrangements  were  well  made 
and  the  plants  carefully  labelled.  A  list  of  the  species  exhibited 
will  be  found  in  the  "  Gardener's  Chronicle." 

The  Memphis  Microscopical  Society,  organized  last  summer, 
with  a  membership  at  the  outset  of  about  thirty,  is  doing  good 
work.  At  least  one  paper  of  considerable  importance  has  been 
read  at  its  monthly  meetings.  Papers  or  .specimens  are  earnestly 
desired,  in  order  to  add  to  the  interest  of  the  meetings. 

A  society  for  the  promotion  of  science  and  history  was  formed 
in  November  last  under  the  title  of  the  Central  Ohio  Scientific 
Association,  at  Urbana,  Ohio.  Theo.  N.  Glover  is  the  president 
and  Thos.  F.  Moses  the  corresponding  secretary. 
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Dr.  Gideon  Lincecum,  of  Long  Point,  Texas,  died  November 
28,  1874,  of  paralysis.  He  was  a  valued  contributor  to  this  jour- 
nal, and  his  papers  showed  keen  powers  of  observation.  His 
most  remarkable  contributions  were  on  the  agricultural  ants  of 
Texas. 

Charles  Kingslet,  reformer,  novelist,  poet  and  naturalist,  died 
Jan.  25,  aged  fifty-five.  His  "  Glaucus,  or  Wonders  of  the  Shore," 
is  one  of  the  most  inspiring  popular  science  books  ever  written, 
and  evinced  the  hearty  love  of  science  of  its  gifted  author. 

The  plants  collected  in  Florida  by  Dr.  E.  Palmer,  have  been 
named  by  Prof  Gray  and  Mr.  Watson.  They  are  made  into  sets 
and  are  for  sale.  Apply  to  Prof.  Asa  Gray,  Botanical  Garden, 
Cambridge,  Mass. 

A  German  society  in  Japan  has  issued  its  firat  volume  of  Pro- 
ceedings, containing  a  notice  of  a  cuttle  fish  (Ommaatrephes)  four- 
teen feet  in  length,  captured  on  the  coast  of  Japan. —  Monthly 
Microscopical  Journal. 

Dr.  R.  E.  Grant,  the  anatomist,  best  known  for  his  studies  on 
the  sponges,  died  in  London,  August  23. 

EXCHANGES. 

The  Mtmphit  M%cro9copicaL  Society  is  prepared  to  offer  exchftOffes  of  unmonnted  mi- 
croscopic objects.   Lists  t\iniishea  by  A.  F.  Dod,  Sec'y,  267  Main  St.,  Memptiis,  Tenn. 
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ABOUT   STARCH. 
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Perhaps  it  would  be  more  correct  to  have  our  title  read  "About 
Starcbes,"  for  eacb  species  of  the  higher  plants  seems  to  have  its 
own  characteristic  and  recognizable  sort  of  starch. 

One  of  the  most  easily  recognizable  sorts  of  all  is  the  starch 
firom  the  potato.    It  is  very  easily  got  at,  too,  and  requires  little 

Fig.  72. 


or  no  preparation  for  its  .examination.  Take  a  fresh  potato  and 
catting  it  open,  take  the  thinnest  possible  slice  which  one  can 
make  with  a  sharp  razor.  Deposit  the  slice  on  a  glass-slip,  drop  a 
little  water  on  it,  cover  it  with  a  thin  glass,  and  it  is  ready  for 
examination. 

Placing  the  specimen  now  under  the  microscope — a  magnifying 
power  of  250  diameters  does,  very  well  —  we  see  (Fig.  72)  an  im- 

Knteredt  MeonMng  to  Aet  of  CongreM,  in  the  jear  1875,  by  the  Pbabodt  ACADSirr  or 
ScizirGS,  In  the  Ofllee  of  the  UhnrUn  of  ConirreM,  at  Washington. 
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mense  nnmber  of  bodies  of  two  sorts.  The  most  striking  are 
OToid  bodies  of  considerable  apparent  size,  often  showing  a  series 
of  eccentric  rings,  the  one  within  the  other.  Sometimes  the  rings 
are  seen  to  be  arranged  about  a  dark  point  or  nucleus.  Mixed  in 
with  these  ovoid  bodies  are  large  numbers  of  much  smaller  disk- 
shaped  ones,  without  apparent  rings.  These  two  sorts  of  bodies 
are  the  starch  granules  of  the  potato.  It  is  no  unusual  thing  to 
find  two  pretty  distinct  sizes  of  starch  grains  in  the  same  plant. 
There  are  intermediate  forms  of  all  sizes,  but  the  two  sizes  re- 
ferred to  so  much  predominate  as  to  strike  the  attention  at  once. 
The  grains  are  packed  in  very  closely  together  in  much  larger  cells 
the  cut  edges  of  which  can  be  distinguished,  although  they  are 
very  transparent.  Here  and  there  in  the  section  are  spots  without 
starch  grains  and  with  much  finer  tissue.  ,  These  are  sections  of 
the  vascular  bundles  where  longer  and  fibre-like  cells  and  vessels 
which  arise  from  the  stem  pass  through  the  tuber.  Toward  the 
edge  of  the  potato,  too,  the  starch  grains  are  seen  to  grow  less 
numerous  and  the  cells  smaller  with  thicker  walls. 

To  render  the  position  of  starch  and  cell-walls  still  more  evident, 
let  us  apply  a  little  of  the  aqueous  solution  of  iodine  to  the  speci- 
men. This  can  be  readily  done  by  placing  a  drop  at  the  edge  of 
the  thin  glass  cover.  It  will  be  gradually  drawn  under  to  mingle 
with  the  water.  Meantime  its  progi*ess  and  its  effect  can  be 
watched  with  the  eye  at  the  microscope.  Should  the  iodine  not 
pass  readily  under  the  glass  cover,  its  progress  can  be  hastened 
by  placing  a  bit  of  blotting  paper  in  contact  with  the  cover  on  the 
other  side.  As  it  absorbs  the  water,  the  iodine  will  pass  in  to 
supply  its  place.  As  the  iodine  comes  in  contact  with  the  cell- 
walls  they  are  stained  a  rich  gold-color.  At  the  same  time,  a 
series  of  changes  is  taking  place  in  the  starch.  The  grains  were 
at  first  colorlesa  and  transparent ;  as  the  iodine  reaches  them, 
they  are  stained,  first  yellow,  then  red,  violet,  blue,  and  finally  an 
opaque  black  blue,  if  the  iodine  is  strong  enough.  Here  we  have 
the  cell-walls  colored  one  tint,  and  the  starch  another,  and  it  is 
very  easy  to  determine  their  relative  positions. 

The  use  of  iodine  is  the  most  usual  test  for  starch,  and  the  re- 
sulting blue  color  is  just  as  certain  in  the  blue  grains  under  the 
microscope  as  in  the  starch-paste  in  use  by  chemists.  If  sulphuric 
acid  is  added  to  the  specimen,  the  cell-walls  gradually  turn 
blue  too. 
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We  have  now  the  position,  the  general  appearance  and  the  usual 
test  for  stai'ch.  Let  us  examine  it  more  carefully  to  see  what  its 
structure  is.  For  this  purpose  take  a  very  little  matter  scraped 
from  the  cut  surface  of  the  potato ;  aim  to  get  only  starch  and 
noAe  of  the  cell-structure.  Place  this  on  a  clean  glass  slide,  add 
a  drop  of  water  and  put  on  a  thin  glass  cover  as  before.  By  care- 
ful management  of  the  light,  we  can  probably  now  see  the  concen- 
tric rings  quite  plainly.  They  have  the  shape  of  the  outline  of 
the  starch-grain.  If  it  is  egg-shaped,  as  is  usually  the  case,  so 
are  they.  If  it  is  almost  triangular  or  linear,  as  sometimes  hap- 
pens, so  are  the  concentric  rings.  These  rings  are  sometimes 
easily  seen ;  at  others,  only  considerable  care  can  bring  them  out. 
I  have  sometimes  found  them  plainer  in  the  starch  from  a  sprout- 
ing potato  than  from  others.    In  potatoes  frozen  and  thawed,  they 

rte.78. 


appear  distinct.  If  they  can  be  brought  out  in  no  other  way,  the 
application  of  dilute  chromic  acid  will  usually  show  them  very 
plainly.  A  few  lines,  scattered  among  the  rest,  are  generally 
plainest. 

Are  these  lines  simple  markings  on  the  surface  of  the  grains,  or 
are  they  edges  of  layers  one  inside  the  other  ?  In  order  to  iLscer- 
tain  that  we  must  roll  them  over  and  see  how  they  look  :Oji  the 
edge  or  on  the  other  side.  This  is  easily  done.  We  have  only  to 
incline  the  body  of  the  microscope  a  little  more,  and  some  of  the 
grains  will  be  carried  down  by  the  action  of  gravity,  and  will  roll 
over  with  more  or  less  freedom.  If  this  does  not  serve,  we  can 
press  on  one  edge  of  the  thin  cover  with  the  point  of  a  pencil,  and 
a  great  commotion  will  be  caused  among  the  grains.  .  As  this  sub- 
sides, we  can  watch  some  of  them  rolling  over  leisurely,  now 
stopping  for  a  moment  on  the  face  to  give  us  an  opportunity  to 
examine  that  side,  then  rolling  up  on  edge  and  hesitating  there 
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while  we  survey  that  side  too.  Now  if  the  lines  are  on  the  sur- 
face, a  grain  like  a  (fig.  78)  would  look  like  b  when  rolled  up  on 
its  side.  If,  on  the  other  hand,  these  rings  mark  the  edges  of 
concentric  layers,  coats  arranged  like  the  coats  of  an  onion,  they 
would  be  arranged  in  the  edge  view  of  the  grain  essentially  as  they 
are  in  the  side  view.  As  the  grains  roll  over,  we  see  very  dis- 
tinctly the  rings  are  concentric  yet ;  the  starch  grain  must  be  com- 
posed of  layers  one  over  the  other. 

If  we  take  a  little  of  the  starch  fh>m  the  potato  and  dry  it, 
without  the  addition  of  water,  at  a  temperature  of  perhaps  150^, 
we  shall  see  a  dark  point  i^pearing  at  one  end  —  usually  the 
smaller.  This  is  the  nucleus  and  around  it  are  arranged  the  con- 
centric rings  already  mentioned.  It  has  been  described  as  a  little 
pedicle  or  stem  by  which  the  starch-grain  is  attached  to  the  cell- 
wall.  This  was  when  it  was  still  thought  that  the  grains  budded 
out  from  the  wall,  a  theory  completely  disproven  now,  by  what  is 
known  of  the  development  and  functions  of  the  wall,  as  well  as  by 
specific  observations  on  the  formation  of  the  grains  themselves. 
The  nuclei  have  been  described  too  as  holes,  passing  into  the  inte- 
rior fh>m  the  outside,  and  admitting  the  materials  fh>m  which  the 
.jsuccessive  layers  were  formed  Arom  without  inwards.  If  the  de- 
velopment of  the  starch-grain  were  endogenous,  there  might  be 
some  ground  for  this  hole-theory  of  the  nucleus,  but  it  is  now  well 
proven  that  their  formation  is  fW>m  within  out,  or  exogenous. 
There  is  no  easily  accessible  specimen  at  this  season  of  the  year, 
to  illustrate  this,  but  writers  generally  refer  to  ripening  corn, 
where  all  the  stages  can  sometimes  be  seen  in  a  single  grain. 
However,  we  can  easily  prove  with  the  specimens  under  examina- 
tion that  the  nucleus  is  neither  a  little  stem  nor  a  canal.  If  it 
were  either,  it  would  appear,  as  we  roll  the  grains,  sometimes 
elongated.  As  we  roll  the  grains  over,  by  inclination  of  the 
stage,  or  pressure  from  one  side,  as  before,  we  see  no  difference  in 
the  shape  of  the  nucleus.  It  is  the  same  round  or  angular  black 
spot,  occupying  the  same  position  from  whatever  point  it  is  viewed. 
If  we  are  lucky,  we  may  get  a  grain  up  on  end,  and  examine  it  in 
the  direction  of  its  long  diameter.  The  position  of  the  nucleus 
and  arrangement  of  the  rings  remain  the  same. 

What  can  we  conclude  concerning  the  nature  of  the  nucleus 
from  this?  It  was  indistinctly  or  not  at  all  visible  in  the  fresh 
grain ;  it  becomes  visible  on  drying,  and  looks  like  an  air  space. 
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It  is  in  the  stractural  centre  of  the  grain.  If  the  drying  is  car- 
ried far  enough,  cracks  may  be  seen  extending  from  the  nucleus. 
They  generally  radiate,  looking  something  like  a  star.  Sometimes 
one  long  crack  runs  the  greater  part  of  the  length  of  the  grain. 
The  cracks  may  and  may  not  reach  the  surface.  Taking  all  these 
facts  together  we  can  draw  the  fair  conclusion;  that  the  layers 
differ  in  density ;  that  the  inner  layers  are  softer  than  the  outer, 
because  they  contain  successively  more  water ;  that  the  water  is 
driven  off  by  the  heat  and  the  consequent  vacuity  appears,  form- 
ing the  '*  nucleus,"  where  there  is  most  water,  that  is,  in  the  inner- 
most layers ;  that  farther  drying  causes  cracks  to  appear  in  the 
harder  layers,  the  longer  the  drying  the  more  extensive  the  cracks. 

Further  evidence  in  favor  of  this  explanation  of  the  starch- 
grain  is  afforded  by  the  action  of  hot  water  and  chemicals.  If  a 
little  starch  is  boiled,  the  grains  swell,  burst  and  emit  much  glairy 
matter.  At  the  same  time  a  thin  pellicle  sinks  to  the  bottom  and 
is  only  gradually  absorbed.  These  phenomena  can  be  partially 
seen  in  a  test-tube.  They  can  be  watched  under  the  microscope 
if  the  observer  has  the  apparatus  for  heating  his  slide  without  in- 
juring his  objectives.  For  those  who  are  without  this  apparatus, 
perhaps  the  best  way  is  to  deposit  a  little  starch  with  two  or  three 
drops  of  water  on  a  glass  slide,  and  then  boil  the  water  down 
without  the  application  of  too  much  heat.  The  slide  should  be 
allowed  to  cool  before  it  is  placed  under  the  microscope.  Starch 
can  then  be  seen  arrested  in  every  stage  of  solution.  One  is 
apparently  untouched;  another  is  slightly  swelled;  another  is 
much  swelled  at  one  end ;  still  another  is  just  ready  to  burst. 

A  similar  series  of  phenomena  can  be  seen  by  the  application  of 
caustic  potash.  Arrange  a  slide  as  before,  for  the  application  of 
iodine  and  treat  in  the  same  manner.  The  approach  of  the  re- 
agent causes  a  great  oommotion-among  the  starch  grains.  They 
become  uneasy,  dance  about,  and  finally  sweep  away  to  the  other 
side  of  their  limits.  To  see  the  action  of  the  potash  well,  one 
must  select  a  field  easily  accessible  to  the  reagent,  but  where  the 
exit  of  the  grains  is  prevented  by  an  air-bubble  or  bit  of  tissue 
just  behind  them.  That  being  the  case,  the  grains  advise  the  ob- 
server of  the  approach  of  the  potash  by  becoming  very  uneasy. 
As  it  strikes  them  they  begin  to  swell,  the  swelling  extending 
down  their  length  as  the  potash  advances.  The  swelling  is  mostly 
lateral,  and  what  was  an  ovoid  body  before  becomes  a  broad  disk. 
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Meantime  the  grains  warp  and  twist  and  writhe  about.  Separated 
before  by  considerable  spaces,  they  now  block  up  the  whole  field, 
and  their  outlines  gradually  disappear  until  the  whole  is  a  homo- 
geneous mass. 

The  action  of  sulphuric  acid  differs  a  little.  There  is  the  same 
uneasiness  of  the  grains  on  the  approach  of  the  acid.  Meantime 
the  concentric  lines  grow  very  sharp  and  distinct.  When  struck 
by  the  acid,  the  grains  swell  until  nearly  globular,  then  a  fissure 
appears,  generally  in  the  vicinity  of  the  nucleus.  The  grain  is  rent 
from  side  to  side,  and  a  mass  of  liquid  matter  with  some  grains 
intermixed,  shoots  out  with  so  much  force  that  it  is  sometimes 
carried  to  a  distance  of  two  or  three  times  the  diameter  of  the 
grain. 

From  these  observations  it  appears  evident:  that  the  outer 
layers  are  more  dense  than  the  inner ;  that  the  semi-liquid  interior 
absorbs  water  or  other  fluids  by  endosmose  until  the  exterior  is  so 
much  expanded  as  generally  to  burst ;  that  the  outer  layers  are 
much  less  readily  dissolved  than  the  inner. 

The  use  of  the  polarizing  apparatus  shows  in  a  striking  and 
beautifbl  manner  that  the  nucleus  coincides  with  the  optical  centre 
of  the  grain — which  might  be  translated  that  the  layers  are  really 
regularly  arranged  around  the  nucleus.  It  also  brings  out  more 
clearly  the  rings  themselves.  If  abundance  of  light  is  used,  and 
a  plate  of  selenite  is  inserted  between  the  object  and  the  analyzer, 
a  cross  of  colors  of  rare  beauty  is  seen  on  the  grains.  If  the 
polarizer  is  now  rotated,  the  play  of  colors  is  very  beautiful. 
The  interesting  fact  to  us,  however,  is  that  the  arms  of  the  color- 
cross  meet  at  the  nucleus. 

We  have  thus  seen  that  the  starch  grain  is  an  organized  body, 
composed  of  layers  arranged  about  an  eccentric  focus,  and  that 
these  layers  increase  in  density  ft*Qm  within  out,  the  innermost 
being  comparatively  soft. 
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BY    €•   C.   PABBY. 
No.  8. 

When  exposed  to  the  withering  summer  heat  of  lOS"*  to  110"  F. 
in  the  valley  of  the  Virgen,  it  was  tantalizing  to  see  within  twenty 
miles  to  the  north  the  rugged  slopes  of  Pine  Mountain  streaked 
with  patches  of  snow.  Having  secured  most  of  the  lowland  and 
desert  plants,  I  was  anxious  to  supplement  my  collection  with  the 
alpine  flora  of  the  adjoining  high  mountain  districts. .  Accordingly, 
on  the  8th  of  June,  I  undertook  an  excursion  to  Pine  valley,  occu- 
pying an  extensive  basin  on  the  northwest  slope  of  Pine  Moun- 
tain, thirty  miles  by  the  travelled  road  from  St.  George.  Our 
route,  which  if  practicable  would  have  followed  up  the  valley  of 
the  Santa  Clara  to  its  extreme  sources,  mounted  by  a  series  of 
very  steep  ascents  to  the  abrupt  sandstone  ridges  bounding  the 
valley  on  the  left..  Higher  up  the  rugged  features  of  the  bald  up- 
lands are  greatly  exaggerated  by  a  confused  intermingling  of 
sedimentary  and  igneous  rocks.  Recent  volcanic  overflows  had 
partly  filled  up  the  denuded  sandstone  ravines,  with  floods  of 
black,  scoriaceous  lava.  Some  distance  farther  on  the  source  of 
these  igneous  products  is  brought  to  view  in  two  distinct  volcanic 
cones,  with  clearly  defined  craters.  The  course  of  the  Santa  Clara 
through  this  confused  labyrinth  of  aquedus  and  igneous  deposits, 
is  completely  hid  from  view  in  inaccessible  chasms.  At  a  consid- 
erable elevation  towards  the  foot-hills  of  Pine  Mountain,  there  is 
a  stretch  of  comparatively  level  country,  scantily  watered  by  irreg- 
ular snow-fed  streams,  known  as  Damaran  Valley.  Here  the  poly- 
morphous evergreen  shrub  oak  {Qaerciis  undtUata  Torr.)  makes 
its  appearance  associated  with  the  still  more  spiny-leaved  Bar- 
berry {Berberis  Fremontii  Torr.).  Occasionally  in  strongly  im- 
pregnated saline  soil,  was  noticed  a  broad  leaved  Lycium,  the 
species  of  which,  on  account  of  the  absence  of  flower  or  fruit, 
could  not  be  satisfactorily  determined. 

Frequent  along  the  roadside  was  an  old  Californian  acquaint- 
ance, Platystemon  Oalifomicum  Benth.  (No.  8),  not  heretofore 
known  east  of  the  Sierra  Nevada,  and  as  if  to  keep  up  the  distant 
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association  there  were  occasionally  extensive  patches  of  Emme- 
nantfie  penduliflora  Benth.  (No.  175).  In  our  noon  halt  under 
the  shelter  of  a  wagon-bed,  it  was  quite  refreshing  to  be  able  to 
gather  an  abundance  of  OUiaJUifolia  Nutt.  (No.  195)  and  Centro- 
Mtegia  Thurberi  Gray  (No.  282),  without  necessary  exposure  to 
the  hot  sun.  In  crossing  over  the  prolonged  spurs  of  the  moun- 
tain range  to  reach  the  northwestern  slope  of  Pine  mountain,  we 
encounter  a  growth  of  clumpy  cedars,  in  the  shelter  of  which  were 
found  scattering  plants  of  the  Frasera  albo-margincUa  Watson 
(No.  203)  only  known  before  from  scanty  specimens  collected  by 
Dr.  Palmer  in  this  same  section  in  1870.  In  similar  gravelly 
stretches  we  also  find  CatUanthus  crasaicavlis  Watson,  Physaria 
Newberryi  Gray,  and  Thelesperma  taubsimpUdfoUum  Gray  (No. 
108).  Quite  conspicuous  along  the  borders  of  rivulets  and  moist 
springy  places,  occurred  the  show^'-flowered  Pentatemon  Paimeri 
Gray,  lately  extensively  introduced  into  gardens  fVom  seed  dis- 
tributed by  Mr.  A.  L.  Siler. 

Our  upward  route  occasionally  crossing  the  dear  dashing  stream 
of  the  Santa  Clara  along  its  upper  course,  finally  emei^ed  into 
the  wide  open  basin  of  Pine  valley,  lying  at  the  base  of  steep 
mountain  ridges  heavily  timbered  with  pine  and  spruce.  The  reg- 
ular outlines  of  this  basin  at  once  indicate  it  as  the  bed  of  an  an- 
cient lake,  since  drained  through  the  deep  gash  through  which  the 
Santa  Clara  courses  to  mingle  its  tribute  of  melting  snow  with  the 
turbid  waters  of  the  Yirgen.  The  atmospheric  coolness  of  this 
elevated  district  afibrded  a  refreshing  contrast  with  the  torrid  heat 
of  the  lowlands,  and  was  especially  noticeable  in.  the  vegetation, 
which  exhibited  a  more  northern  aspect.  In  the  cultivated  fields  the 
difference  was  equally  striking ;  wheat  then  ready  for  harvest  at 
the  mouth  of  the  Santa  Clara,  was  just  spreading  out  its  early 
leaves  at  its  upper  sources ;  cotton-woods  which  several  weeks 
before  had  opened  their  bolls  in  St.  George,  were  barely  in  bud  at 
Pine  valley.  In  fact  the  flowering  season  in  these  elevated  dis- 
tricts was  only  just  commenced,  and  the  bald  alpine  ridges  toward 
the  summit  of  the  range  showed  no  signs  of  advancing  v^^etation, 
being  still  occupied  by  scattered  snow  drifts.  Under  these  cir- 
cumstances only  the  lower  slopes  afibrded  scope  for  botanizing 
during  the  short  stay  devoted  to  this  section. 

Disagreeably  abundant  in  all  the  foot-hills,  as  a  serious  impedi- 
ment to  comfortable  travelling,  is  the  deciduous  leaved  shrub  oak 
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(Quercus  undulata  Torr.  var.  Ounnisoni  Engel.  ined*).  Much 
more  attractive  with  its  glossy  foliage  and  long  feathery  seeds,  is 
the  mountain  mahogany,  Ceroocarpus  ledifolius  Nutt.  (No.  58), 
which  here  attains  the  dimensions  of  a  small  tree  often  twenty 
feet  in  height,  with  trunks  six  to  eight  inches  in  diameter.  Along 
the  borders  of  all  the  numerous  mountain  streams  the  common  / 

alder  {Alnus  incana  var.  glauoa)  is  abundant,  associated  as  else-  ' 

where  in  the  Rocky  Mountain  districts  with  Betula  ocddentcUia 
Hook.  As  if  to  complete  on  a  small  scale  the  resemblance  with 
analogous  eastern  sections,  the  western  sugar  maple  {Acer  grancUr 
dentatum  Nutt.)  makes  its  appearance.  Though  generally  of  a 
low  bushy  growth,  it  occasionally  attains  the  size  of  a  small  tree, 
with  trunks  a  foot  or  more  in  diameter.  The  wood  in  hand  speci- 
mens is  undistinguishable  from  our  hard  maple,  and  is  applied  to 
similar  uses.  The  Coniferse  of  this  section  include,  oh  the  lower 
slopes  extending  down  into  the  valley,  large  trees  of  Pimia  ponf 
derosa  and  Abies  Douglaaiij  succeeded  higher  up  by  scattering 
growths  of  Pinus  flexUis  and  Abies  cancoUyr^  and  towards  the  sum- 
mit by  dense  fbrests  of  Abies  Engdmanni,  The  highest  elevation 
is  at  no  point  sufScient  to  show  a  well-defined  timber  line,  though 
bare  alpine  patches  are  spread  out  at  various  exposed  points  near 
the  summit  of  the  range.  The  lower  dividing  ridge  to  the  north 
and  west  is  mainly  occupied  by  a  scattering  growth  of  cedar,  the 
undergrowth  affording  the  following  plants,  viz. :  Physaria  NeW' 
berryi  Gray  (No.  14),  PaehysHma  myrsinUes  Raf.,  Astragalus  atra- 
tus  Watson  (No.  47),  Hymenopappus  luteus  Nutt.  (No.  107), 
OUia  aggregata  var.  Bridgesii  (No.  194),  Echinospermum  deflexum 
Lehn.  (No.  172). 

In  the  upper  portion  of  the  main  valley  was  found  a  very  neat 
species  of  Trifolium  with  large  reflexed  heads,  Trifolium  Bobms'  .-  (CC^^: 
deri,  frray  (No.  84).  Near  by  on  the  borders  of  a  springy  bog 
occurred  in.  great  abundance  the  interesting  Lewisia  prachycdlyx  f-  c  . 
Engel.  (No.  22).  This  rare  species,  only  known  heretofore  by  a 
few  imperfect  fragments,  will  be  characterized  anew  by  Dr.  Engel- 
mann  in  the  accompanying  list.  Though  much  inferior  in  beauty 
to  the  northern  typical  species  (Letoisia  rediviva  Ph.),  it  still  pre- 
sents the  same  style  of  flower  and  foliage  on  a  somewhat  smaller 
scale,  and  being  undoubtedly  hardy,  may  be  improved  by  cultiva- 
tion. Some  of  the  more  familiar  aspects  of  the  sub-alpine  flora 
were  presented  in  the  well  known  Rocky  Mountain  forms  otAqiTi    -/ 


Digitized  by  VjOOQIC 


202  BOTAKICAL  OBSEBYATIOMS   IN   SOUTHERN  UTAH. 

tegia  ccertdea  Ton-.,  Mertensia  hibirica  Don.,  and  Polemonium  ^u- 
mile  Willd.  It  woald  have  been  interesting  later  in  the  season  to 
have  made  a  more  thorough  examination  of  the  high  alpine  expos- 
ures, which  from  their  isolated  position  would  doubtless  afford 
rare  or  new  species.  The  exchange  from  the  cool  snow-drifts  of 
Pine  mountain  to  the  oven  heat  of  St.  George  proved  much  less 
pleasant  than  the  reverse  process,  though  more  easily  apcom- 
plished.  It  is  worthy  of  remark  in  this  connection  to  note  the 
mutual  dependence  of  these  two  strongly  contrasted  but  adjoining 
districts.  Thus  the  moisture,  condensed  either  in  the  form  of  sum- 
mer rain  or  winter  snow  on  these  high  mountain  ridges,  is  not  all 
exposed  in  open  water  courses  to  be  directly  returned  to  the  at- 
mosphere by  the  intense  evaporation  of  the  lower  desert  tracts.  A 
large  part  of  it  sinks  into  the  pervious  sandstone  strata,  dipping 
towards  the  south,  thence  working  its  way  through  deep  unseen 
channels,  it  breaks  out  in  the  form  of  copious  springs  at  the  base 
of  the  high  cliffs  bounding  the  Valley  of  the  Virgen.  From  this 
source  is  derived  the  necessary  supplies  of  irrigating  water  for  the 
gardens  of  Washington  and  St.  George.  In  return,  these  semi- 
tropical  districts  contribute  to  the  dwellers  in  the  mountains  the 
elaborated  products  of  the  choicest  garden  fruits  that  would  be 
otherwise  unattainable.  Without  such  a  mutual  exchange  neither 
of  these  sections  would  be'  as  well  adapted  as  now  for  civilized 
habitation. 

^  On  the  25th  of  June  having  completed  my  botanical  collection 
in  the  valley  of  the  Virgen,  I  left  on  my  return  route  to  Salt  Lake, 
having  arranged  to  spend  a  few  weeks  in  the  more  elevated  dis- 
tricts within  the  rim  of  the  great  basin. 

On  reaching  Cedar  city,  sixty  miles  to  the  north  of  St.  George, 
in  the  latter  part  of  June,  it  was  not  very  encouraging  to  note  that 
the  continued  dry  season  had  in  a  great  measure  completed  the  de- 
velopment of  the  early  Spring  plants,  which  were  but  scantily  suc- 
ceeded by  later  summer  forms.  On  the  rocky  and  variegated 
marly  exposures  adjoining  the  town,  the  conditions  seemed  es- 
pecially favorable  for  a  poculiar  flora,  and  this  expectation  was  in 
a  measure  realized,  though  in  scanty  forms.  Among  these  is  a 
well  marked  new  species  of  Gaillardia  characterized  by  Prof.  Gray 
as  OaiUardia  acautis  n.  sp.  (No  120). 

Here  also  occurred  quite  abundantly  a  species  of  Lepidtum  near 
to  Lepidium  integrifolium  Nutt.,  or  possibly  a  new  species  (No.  16). 
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Other  rarities  include  Polygala  subspinosa  Watson  (No.  82), 
Brickellia  linifolia  D.  C.  Eaton  (No.  89)  and  Eriogonum  viUiflO' 
rufn  Gray  (No.  248).  On  one  of  the  exposed  rocky  slopes  was 
gathered  a  dwarfed  variety  of  Cercocarpus  ledifolius  Nutt.,  or  pos- 
sibly a  new  species  to  which  the  name  of  Cercocarpus  intricatits  n. 
sp.  (No.  59)  foay  be  provisionally  applied.  Along  the  gravelly 
margins  of  Cedar  Creek  was  found  Astragalus  Sonoroi  Gray  (No. 
53),  Astragatiis  longocarpus  Gray  (No.  52)  Thdesperma  sub- 
nudum  Gray,  n.  sp.  (No.  109)  and  Lygodesmia  grandiflora  Gray 
(No.  128).  On  shaded  hill-sides,  Cercocarpus  ledifolius  Nutt., 
Cowania  Mexicana  Don.  and  Fraxinus  anomala  Torr.  (No.  210), 
are  abundant.  Having  soon  exhausted  this  scanty  flora,  my  at- 
tention was  directed  to  the  high  mountain  range  of  the  Wahsatch, 
rising  abruptly  to  the  East,  and  overlooking  the  southern  exten- 
sion of  the  great  interior  basin.  An  ascent  of  about  8,000  feet 
in  a  distance  of  three  miles,  brings  us  to  the  outer  crest  of  the 
range,  which  extends  eastward  in  an  irregular  series  of  undula- 
tions to  the  upper  Sevier  valley.  At  several  points  on  the  lee 
side  of  steep  ridges  there  were  still  the  remains  of  rapidly  wasting 
snow  banks.  Notwithstanding  the  comparative  elevation  and 
freshness  of  vegetation,  there  was  a  scant  supply  of  surface  water 
except  immediately  adjoining  large  snow  banks.  The  prevalent 
timber  growth  was  made  up  of  interrupted  groves  of  Aspen  pop- 
lar, some  high  ridges  in  the  distance  showing  a  few  scattered  pines 
and  spruces.  Four  miles  back  towards  the  interior  of  the  range, 
the  country  expands  into  wide  grassy  slopes,  and  itequent  springs 
and  running  streams  bordered  by  snow  drifts,  give  unwonted  fresh- 
ness to  the  pastoral  scenery.  Here  is  located  the  summer  sheep 
range,  and  dairy  farms  of  this  district,  of  which  the  only  apparent 
drawback  to  their  attractive  and  productive  features,  is  the  an- 
noying prevalence  of  blood-thirsty  flies. 

The  botanical  features  are  very  similar  to  other  elevated  pas- 
toral districts  in  the  interior  West.  Senecios  and  Arnicas  serve 
to  give  a  yellow  cast  to  the  open  grassy  meadows ;  shades  of  blue 
are  supplied  by  thrifty  Delphiniums.  In  the  aspen  copses  there 
is  a  dense  undergrowth  made  up  mainly  of  Prunus,  Rosa,  Sym- 
phoricarpus,  and  Salix.  Less  conspicuous  but  more  interesting  as 
peculiar  to  the  flora  of  this  district  may  be  noted  Calandrina 
pygmoea  Gray,  Trifolium  eriocepkalum  Gray  (No.  85),  Oxytropt^is  d 

campestris  var,?  and  Cordylanthus  Kingii  Watson  (No.  156). 
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The  destractive  effects  of  exclasive  sheep  grazing  on  the  native 
forage  grasses,  was  manifest  in  a  disagreeable  prevalence  of  the 
common  yarrow  (Achillea  millefolium  L.),  wherever  the  herds  had 
been  long  stationed.  On  other  hill  slopes  the  entire  vegetation 
;  /  was  nsnrped  by  a  boshy  perennial  nmbelliferous  plsni^yLigiisticum 

I  '  ,,  ,  $copulorum  Gray  (No.  82),  which  alone  seemed  capable  of  with- 
standing the  destmctive  effects  of  close  grazing ;  possibly  its  pro- 
tection is  due  to  some  naoseons  qnality  serving  to  keep  the  sheep 
herds  at  a  distance. 

On  account  of  the  severity  of  the  weather,  and  the  great  depth 
of  winter  snow,  this  mountain  section  is  abandoned  in  the- winter 
for  the  warmer,  though  less  productive  sage-brush  lowlands.  No 
attempt  has  yet  been  made  to  establish  permanent  settlements 
here  for  the  cultivation  of  the  rich  soil,  though  apparently  admir- 
ably fitted  for  the  growth  of  the  hardier  small  grains  and  root 
crops. 

After  spending  a  few  days  very  pleasantly  in  the  rude  homes  of 
these  hospitable  herders,  I  returned  to  Cedar  city,  by  a  very  direct 
trail,  leading  dowd  the  steepest  part  of  the  mountain  slope.  On 
this  route  I  was  fortunate  in  securing  good  fhiiting  specimens  of 
Astragalus  megacarpus  Gray  (No.  51),  hitherto  only  known  fi'om 
Nuttall's  original  specimens. 

On  this  same  trip  my  attention  was  particularly  directed  to.  the 
two  species  of  Rocky  mountain  balsam,  Abies  grandis  Lindl.,  and 
Abies  concolar  Engel.  ined. ;  in  regard  to  which  so  much  needless 
confdsion  has  arisen.  I  here  found  the  two  species  growing  not 
far  distant  from  one  another,  and  exhibiting  plainly  their  distinct- 
ive characters  (as  trees  if  not  as  herbarium  specimens).  Thus 
we  may  note  Abies  grandis  with  a  more  strict  habit,  narrower 
leaves,  smooth  bark  (at  all  sizes)  and  deep  purple  cones,  more  ex- 
clusively confined  to  high  elevations.  Per  contra;  Abies  concolor^ 
less  pyramidal  in  shape,  with  much  broader  leaves,  rough  fhr- 
rowed  bark  (in  old  trees)  and  apple-green  cylindrical  cones,  found 
growing  at  much  lower  elevations  on  the  mountain  slope,  and  less 
exclusively  confined  to  moist  ground.  It  is  to  be  hoped  that  this 
latter  species  may  soon  be  introduced  into  cultivation  when  its  or- 
namental qualities  can  be  more  fhlly  developed.  Succeeding  my 
return  fh>m  the  mountain  range  summer  rains  set  in  with  unusual 
fluency  and  copiousness.  Dark  thunder  clouds  hovering  about 
the  distant  mountains  to  the  east  which  they  illuminated  with  the 
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most  brilliant  electrical  discharges,  were  the  snre  precursors  of 
floods  sweeping  down  the  rocky  bed  of  Cedar  creek.  The  partic- 
ular location  of  each  storm  was  plainly  indicated  by  the  different 
colored  mud,  brought  down  on  the  swollen  flood,  varying  from 
dark  brown  to  dbrty  yellow  or  dull  red.  The  stratified  deposits 
thus  spread  over  the  bed  of  the  great  basin  made  up  the  perma- 
nent geological  record  of  summer  storms  in  the  Wahsatch  in  1874. 

On  the  20th  of  July  I  took  final  leave  of  this  section  of  south- 
em  Utah,  carrying  with  me  many  pleasant  remembrances  of  the 
kinddess  and  hospitality  received  from  this  much  misrepresented 
Mormon  people,  who  in  supplanting  the  digger  Indians  by  civil- 
ized homes  of  industry  and  refinement,  are  deserving  of  more 
credit  than  they  have  yet  received. 

The  list  of  plants  following  will  conclude  the  present  paper. 


THE    INDIAN    CEMETERY   OF   THE    GRUTA    DAS 
MUMIAS,  SOUTHERN  MINAS  GERAES,  BRAZIL. 


BY   PBOF.   CH.   FBED.   HABIT. 


The  Fazenda  da  Fortaleza,  also  known  as  Santa  Anna,  formerly 
the  property  of  the  late  Barao  de  Lage,  and  probably  the  finest 
plantation  in  Brazil,  is  situated  in  the  southern  part  of  the  prov- 
ince of  Minas  Geraes  at  a  distance  of  about  seventeen  miles  to 
the  east  of  the  city  of  Juiz  de  Fora.^  It  belongs  to-day  to  the 
Conselheiro  Diogo  Velho  C.  de  Albuquergue,  a  gentlemen  celebra- 
ted as  a  politician,  and  who  occupies  the  important  post  of  Presi- 
dent of  the  Uniao  Industria  road.  The  region  in  which  the  Fa- 
zenda is  situated  is  composed  of  gneiss,  similar  to  that  of  the  Serra 
do  Mar,  and  of  the  vicinity  of  Rio  de  Janeiro,  and  probably  of 
Archaean  age. 

At  a  distance  of  a  league,  more  or  less,  to  the  south  or  south- 
east of  the  Fazenda,  is  a  line  of  high  hills  of  the  same  gneiss, 
three  of  which  form  prominent  heads  presenting  lofty,  almost  per- 
pendicular precipices,  smooth  and  rounded  and  striped  vertically 
with  black  bands,  like  the  cliffs  of  the  neighborhood  of  Rio  de  Ja- 

X  A  charming  descripfcioii  of  this  Ihienda  will  be  found  in  Madam  Agassiz'e  <*  Jour- 
ney in  BrasiL** 
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neiro.  The  easternmost  of  these  hills,  a  peak  probably  not  far 
from  three  thousand  feet  in  height  above  the  sea,  with  magnificent, 
nearly  vertical  precipices,  is  called  the  Fortaleza  or  the  Fortress, 
and  gives  its  name  to  the  Pazeuda.  The  second  hill  is  lower  and 
less  prominent,  but  towards  the  northward,  in  its  upper  part,  it 
presents  a  fine  rounded,  precipitous  front,  in  the  solid  rock  of 
which  are  excavated  three  grottos,  one  of  which,  used  anciently  as 
a  burial  place  by  the  Indians,  forms  the  subject  of  this  paper.  As 
this  hill  has,  so  far  as  I  have  been  able  to  learn,  no  distinctive  ap- 

Fl?.  74. 


Ground  plan  of  Grata  das  Mnmiaa  showing  interments. 

1.  Body  of  child,  in  basket. 

2.  Mummied  bodies  of  woman  and  child. 

3.  Skeleton  wrapped  in  bast. 

^^  It  u  u 

0.  Remains  of  child  burled  in  pot. 

6.  *'         "      **     wrapped  m  hammock. 

7,  8.  9, 10.  Four  pots  containing  skeletons. 

11.  Mummied  bodies  of  mother  and  child  buried  in  the  same  hammock. 

12.  Body  of  litUe  child  wrapped  in  bast  and  palm  straw. 

13.  Locality  where  arrow  was  found. 
The  compass  bears  N.  magnetic. 

pellation,  I  have  taken  the  liberty  to  name  it  after  my  distin- 
guished friend  the  proprietor  of  the  Fazenda,  calling  it  the  Morro 
de  Diogo  Velho.  The  third  mountain  is  a  fine  dome  about  two 
thousand  feet  in  height,  known  as  the  Morro  da  Babylonia,  from 
whose  top  a  magnificent  view  of  the  country  to  the  northward  is 
to  be  obtained. 

In  the  two  last-named  hillsthe  beds  of  gneiss  dip  to  the  south- 
southeastward  at  an  angle  of  about  40**. 

The  largest  of  the  caverns,  known  as  the  Gruta  das  Mumias,  is 
situated  near  the  base  of  a  precipice  on  the  northeastern  side  of 
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the  Monro  de  Dic^o  Velho,  and  at  a  height  of  about  seven  hundred 
feet  above  the  level  of  the  Fazenda.  It  consists  of  an  irregular 
excavation  which  penetrates  the  hill  in  a  direction  S.  60^  W. 
(mag.)  its  axis  being  considerably  inclined  so  that  from  the  mouth 
to  the  end  of  the  cave,  the  floor  offers  an  ascent. 

The  roof  and  sides  of  the  cavern  form  together  an  arch  whose 
curves  are  sometimes  quite  regular.  In  various  parts  of  the  grotto 
there  are  in  the  sides  and  roof  more  or  less  deep,  rounded  exca- 
vations that  penetrate  tlie  rock  in  various  directions,  much  resem- 
bling potholes,  but  which  are,  however,  not  due  to  the  action  of 
water.  011*  the  eastern  side  of  the  cavern  is  one  of  these  exca- 
vations which  is  extending  itself  in  a  direction  parallel  to  the  axis 
of  the  cavern,  but  has  not  yet  reached  the  same  depth.  It  is  sep- 
arated from  the  main  hall  by  a  narrow  wall  of  rock  which  is  grad- 
ually breaking  down  apd  disappearing.  Originally,  probably,  this 
wall  extended  farther  toward  the  mouth  of  the  cavern. 

The  floor  of  the  cave  before  being  disturbed  by  the  work  of  ex- 
ploration consisted  of  a  be<l  of  fragments  of  rock,  fallen  from  the 
roof  and  sides,  and  mingled  with  earth  derived  from  the  decompo- 
sition of  the  gneiss,  from  the  dung  of  jaguars,  bats  and  other  an- 
imals, and  from  the  destruction  of  the  enormous  clay  nests  of  a 
large  species  of  bee,  which  inhabits  the  cave,  building  on  the  roof. 
When  the  cavern  was  discovered  the  floor  was  strewn  with  frag- 
ments of  these  nests,  sometimes  three  feet  or  more  in  diameter. 

The  cavern  measures  approximately  seventy-flve  feet  in  length, 
twenty-five  in  breadth  at  the  mouth,  forty-two  feet  in  greatest 
breadth  and  twelve  feet  more  or  less  in  height.  The  gneiss  in 
which  it  is  excavated  consists  of  distinct,  thin,  alternating  bands 
of  which  9ome  are  made  up  principally  of  a  very  black  mica 
in  small  crystals.  Others  are,  for  the  roost  part,  composed  of 
little  grains  of  silica  with  but  little  feldspar,  while  yet  others  con- 
sist of  a  mixture  of  quartz  and  feldspar  rather  coarsely  crystal- 
lized. It  is  noteworthy  that  the  rock  contains  no  garnets.  The 
beds  are  inclined  to  the  south-southeastward  at  an  angle  of 
40'*-45''±,  and  are  full  of  small,  but  sharp  plications,  which, 
together  with  the  alternation  of  the  white  and  black  bands,  give 
to  the  rock,  as  clearly  exposed  on  the  sides  and  roof  of  the  cavern, 
an  exceedingly  beautiful  appearance.  The  second  cavern  is  in 
this  respect  perhaps  even  more  noteworthy  than  the  first. 
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Examining  the  surface  of  the  xook  in  the  interior  of  the  grot- 
tos it  will  be  seen  that  the  gneiss  is  saffering  a  very  rapid  decom- 
position,  and  is  scaling  off  in  thin  flakes,  which  are  sometimes  so 
soft  as  to  break  up  readily  between  the  fingers. 

As  the,  gneiss  is  very  compact  and  had  originally  bat  few  frac- 
tures, and  as  the  decomposition  progresses  fW>m  the  outside 
inwards,  the  rock  of  course  decomposes  concentrically,  giving  rise 
to  more  or  less  regular,  concave  surfaces.  The  surface  of  the 
rock  inside  the  cavern  is  constantly  damp,  but  not  su£Qciently  wet 
to  drip.  I  suppose  that  this  dampness  is  for  the  greater  part 
caused  by  the  soaking  through  the  solid  rock  of  water  fW>m  above, 
and  that  the  decomposition  is  caused  mainly  by  the  action  of  car- 
bonic acid  derived  from  the  air. 

Large  caverns  like  that  just  described  are  rarely  encountered  in 
the  gneiss  of  Brazil,  but  small  ones  abound  and  may  be  seen  in 
the  precipices  of  the  gneiss  hills  of  the  vicinity  of  Rio. 

It  is  somewhat  difficult  to  determine  just  how  the  caverns  of 
the  Morro  de  Dic^o  Velho  at  first  originated,  but  it  is  very  likely 
that  they  commenced  by  the  decomposition  of  an  isolated  mass  in 
the  gneiss,  that  had  a  somewhat  different  mineralogical  composi- 
tion than  that  of  the  rest  of  the  rock.  Ordinarily,  cavities  of  this 
kind  soon  disappear  from  the  surface  of  a  cliff,  because  of  the 
scaling  off  of  the  thick,  half  decomposed  sheet,  which  falls  firom 
time  to  time,  leaving  a  new  surface  exposed.  It  is  not  at  all  as- 
tonishing that  the  decomposition  should  go  on  irregularly  and  that 
the  cavity  should  enlarge  itself  in  some  parts  more  rapidly  than  in 
others,  giving  rise  to  the  pot-hole-like  excavations  above  described. , 
A  very  slight  difference  in  the  hardness  of  the  rock,  or  in  the 
amount  of  moisture,  would  be  sufficient  to  determine  the  more 
rapid  decomposition  of  a  certain  part  of  the  surface,  giving  rise 
to  a  hollow.  On  the  Bio  Tapajos  the  edges  of  the  beds  of  coal- 
measure  limestone,  exposed  to  the  action  of  the  waters  of  the 
Igarapi  de  Bon:\Jardim,  during  the  rainy  season,  are  not  dis- 
solved away  evenly,  but  are  honeycombed  with  grottos.  Witness 
also  the  way  In  which  metals  and  other  substances  are  honey- 
combed by  acids'. 

The  upper  grottos  of  the  Morro  de  Diogo  Velho  are  like  the 
lower  caverns,  but  smaller.  I  shall  not  describe  them  particu- 
larly, because  archaeologically  they  do  not  appear  to  be  of  interest, 
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since  they  have  afforded  no  human  remains.  All  the  oavems,  con- 
trary to  the  opinion  of  many,  are  natural  excavations,  and  offer 
no  signs  of  being,  even  in  part,  the  work  of  man. 

The  lower  and  larger  cavern  is  perfectly  visible  from  the  low- 
lands to  the  north,  but  as  it  is  quite  difficult  of  access,  it  does  not 
appear  to  have  been  visited  by  civilized  persons  until,  in  1871, 
Sr.  Antunes,  the  administrator  of  the  plantati(»i,  succeeded  with 
much  difficulty  in  reaching  it.  He,  however,  saw  nothing  of  the 
arctiffiological  treasures  it  containedt  and  their  discovery  remained 
to  be  made  by  Dr.  Manoel  Bazilio  Furtado,  a  gentleman,  who, 
much  interested  in  the  study  of  antiquities,  has  already  made  ex- 
plorations of  a  sepulchral  cavern,  and  of  a  rock  shelter  on  the 
bead  waters  of  the  Bio  Itap^merim,  an  account  of  which  he  has 
promised  to  furnish  me. 

As  soon  as  Dr.  Bazilio  knew  of  the  existence  of  the  caverns  of 
the  Morro  de  Diogo  Velho,  he  visited  and  examined  them,  finding 
human  remains  in  the  larger  one,  thus  proving  it  to  be  an  ancient 
Indian  burial-place.  Several  other  visits  were  made  to  the  cave, 
not  only  by  Dr.  Bazilio,  but  also  by  the  Conselheiro  Diogo  Velho, 
and  by  Dr.  Rozendo  Muniz.  About  three  months  ago,  Sr.  Diogo 
Velho  invited  Dr.  Ladisldu  Netto,  the  well-known  Director  of  the 
Museu  Nacional  of  Rio,  to  visit  and  examine  the  locality,  and  to 
facilitate  the  exploration  he  caused  roads  to  be  cut  and  steps  and 
ladders  to  be  constructed* 

Dr.  Netto  had  the  kindness  to  invite  me  to  accompany  him,  and 
was  so  good  as  to  delay  the  excursion  until  I  could  find  time  to 
go  with  him.  On  the  6th  of  December,  we  left  Bio  in  company 
with  Sr.  Albuquerque,  one  of  the  assistants  of  the  Museum,  and 
M.  Glazioo,  the  Director  of  the  Passeio  Publico  of  Bio,  and  a 
man  who  has  probably  done  more  than  any  one  else  in  the  way  of 
actual  botanical  exploration  in  BraziL  As  my  task  in  this  paper 
is  simi^y  to  give  an  account  of  the  scientific  results  of  our  explo- 
rations, I  shall  attempt  no  description  of  our  most  interesting 
journey  to  the  Fazenda  of  Fortaleza,  and  I  shall  be  obliged  to 
limit  myself  to  saying  that  we  were  overwhelmed  with  kindnesses 
and  attentions  by  the  hospitable  Conselheiro  and  his  friends. 
Dr.  Diogo  Velho  placed  at  the  disposition  of  Dr.  Netto  more  than 
twenty  slaves,  under  the  superintendence  of  Sr.  Antunes,  and, 
accompanied  by  his  associi^tes  Dr.  Machado  and  Dr.  Bazilio,  he 
assisted  us  personally  in  the  work  of  exploration. 

AMSR.  NATURALIST,  YOL.  IX.  1^ 
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In  the  following  paper  I  will  give  not  only  the  results  of  my 
own  personal  obser\'ations,  but  also  the  facts  relating  to  the  pre- 
vious explorations,  which  were  fbmished  me  by  Dr.  Bazilio  and 
Sr.  Antunes,  and  of  which  my  notes  were  written  in  the  cavern 
with  the  greatest  care,  being  afterwards  revised  by  these  gentle- 
men. Dr.  Netto  has  very  kindly  permitted  me  to  examine  the 
objects  sent  to  the  Museu  Nacional,  so  that  in  this  paper  I  shall 
be  able  to  give  a  very  complete  account  of  the  interments  found 
in  it.  A  detailed  description  of  the  human  remains  themselves  I 
am  obliged  to  defer  to  another  occasion. 

As  the  preliminary  excavations  in  different  parts  of  the  cavern 
offered  us  no  results,  we  found  it  necessary  to  proceed  more  sys- 
tematically. We  first  of  all  threw  out  all  the  large  stone  and 
rock  masses  that  encumbered  the  cavern,  amounting  to  many  tons. 
A  line  of  negroes  was  then  formed  across  the  mouth  of  the 
cavern,  and  the  loose  earth  was  examined  to  a  considerable  depth 
from  one  end  of  the  cave  to  the  other,  the  work  occupying  the 
greater  part  of  two  days. 

On  the  first  day  nothing  was  found,  but  very  early  on  the  next 
morning  two  interments  were  discovered,  one  of  a  child  buried  in 
an  earthen  pot,  the  other  of  a  young  person  wrapped  up  in  a  ham- 
mock, and  shortly  afterwards  there  was  found  the  body  of  a  little 
child  enveloped  in  bast  and  palm  straw.  This  was  the  last  object 
discovered. 

The  following  plan  (Fig.  74)  represents  the  floor  of  the  cavern 
and  the  localities  of  the  various  interments,  which  are  numbered 
as  in  the  following  description. 

No.  I.  Body  of  a  child  buried  in  a  well-woven  little  basket, 
above  which  were  laid  several  pieces  of  bark..  Found  by  Sr. 
Antunes. 

No.  2.  Mummied  body  of  a  woman  with  a  little  child  in  her 
arms.  These  remains  were  sent  to  the  Museu  Nacional,  but  have 
not  yet  been  received,  so  that  I  cannot  describe  them. 

No.  8.  Skeleton  wrapped  up  in  bast,  but  concerning  which  I 
could  obtain  no  certain  information. 

No.  4.  Skeleton  of  a  man  (?)  found  wrapped  up  in  bast  and  af- 
terward in  palm  straw.  It  was  found  sometime  before  our  visit, 
and  had  been  unwrapped,  the  bones  having,  however,  been  left  in 
the  cave.  The  skull  is  remarkable  for  a  perforation  near  the 
crown,  apparently  the  result  of  a  wound.    The  remains  were  to 
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be  sent  to  the  Museum,  but  not  having  arrived  at  time  of  writing, 
I  have  not  been  able  to  examine  them  closely. 

No.  5.  Bones  of  a  child  buried  in  an  earthen  vessel,  and  dis- 
covered during  our  exploration. 

The  upper  part  of  the  ygagdba  was  wanting,  together  with  a 
large  part  of  the  bones,  including  the  skull,  and  the  remaining 
parts  of  the  vessel  were  broken,  the  fragments  however  remaining 
in  situ.  The  pot  was  ovoidal  in  shape,  the  lower  part  resembling 
the  tapering  end  of  an  egg.  It  was  not  at  all  flattened,  and  con- 
sequently the  vessel  could  be  kept  upright  only  by  being  set  in 
the  ground  or  supported  in  some  way.  The  material  of  which  it 
was  constructed  was  clay  mixed  with  somewhat  coarse  sand.  The 
vessel  appears  to  have  been  made  over  a  mould ;  indeed  it  would- 
have  been  difficult  to  build  it  up  in  any  other  way.  The  inside  is 
slightly  rough,  showing  no  signs  of  having  been  smoothed  by  a 
finishing  tool,  whose  marks  are  however  clearly  observable  on 
the  outside  surface.  No  signs  of  paint,  of  varnish,  or  of  deco- 
ration of  any  kind,  were  observed  on  the  parts  of  the  vessel  pre- 
served. 

The  burning  was  incomplete,  and  for  about  one-third  of  the 
thickness  irom  each  surface,  the  clay  of  the  walls  is  well  reddened, 
the  interior  remaining  of  a  grayish  color.  In  the  pot  were  found 
the  following  bones  belonging  to  the  skeleton  of  a  young  person : 
— The  femur,  tibia  and  fibula  of  one  leg,  united  by  the  dried  lig- 
aments and  ^ith  parts  of  the  muscles  preserved,  the  knee  being 
flexed,  showing  that  probably  the  body  was  buried  with  the  knees 
doubled  up  against  the  breast.  There  were  also  the  united  bone&( 
of  a  fore  arm,  a  scapula,  a  hand,  six  dorsal  vertebrse,  four  ribs  of 
the  left  side  united,  and  in  addition  six  ribs,  separated.  The  rest 
of  the  bones  were  wanting,  and  I  doubt  whether  they  existed  in 
the  vessel  when  it  was  found  by  the  negroes,  for  I  searched  care- 
fully in  the  earth  thrown  fh>m  the  spot,  but  could  find  nothing. 
It  seems  therefore  probable  that  at  some  previous  time  the  grave 
had  been  disturbed,  perhaps  by  some  wild  beast.  The  bones  were 
found  mingled  with  a  light  earth  which  appeared  to  be  mainly  com- 
posed of  organic  matter,  and  to  be  fhll  of  the  skins  of  the  larvse 
of  the  insects  that  attacked  the  body. 

In  the  same  earth  were  also  found  a  number  of  seeds,  which  M. 
Olaziou  identified  as  belonging  to  a  species  of  Anona  or  custard 
apple.    There  were  also  found  numerous  A*agments  of  the  pinnules 
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of  a  species  of  palm  which  the  same  botanist  recognized  as  OeonO' 
ma  pinnatiflda.  It  is  probable  that  the  body  was  wrt^^ped  in  this 
palm  straw  before  being  deposited  in  the  yga^aba.  The  fragments' 
of  the  vessel  and  the  bones  were  destined  for  the  Moseu  Nacional. 

No.  6,  Remains  of  a  child  from  seven  to  ten  years  of  age, 
foond  wrapped  in  a  hammock,  and  discovered  on  the  second  day 
of  our  exploration.  I  assisted  in  their  disinterment,  and  exam- 
ined attentively  their  disposition  in  the  grave. 

The  body,  which  is  now  in  part  reduced  to  the  state  of  a  mummy, 
was  doubled  up  with  the  knees  against  the  breast,  and  then  wound 
about  with  the  hammock,  having  exposed  the  upper  part  of  the 
head  and  the  feet  which  last  protruded  through  the  hammock. 
The  bundle  when  found  was  oval  and  flattened,  and  about  two  feet 
long.  The  head  was  turned  toward  the  left  and  the  body,  perhaps 
owing  to  the  pressure  of  the  superincumbent  earth,  rested  on  the 
left  side.  The  feet  were  directed  towards  the  mouth  of  the  cavom. 
The  grave  was  not  more  than  eighteen  indies  or  two  feet  deep. 

The  soft  parts  of  the  body  had  for  the  most  part  disappeared, 
but  there  still  remained  a  part  of  the  scalp  with  a  few  hairs  and 
the  skin  of  the  trunk  which  was  dry  like  parchment. 

I  have  not  yet  been  able  to  examine  carefiilly  the  hammock,  but 
it  appears  to  be  constructed  like  that  which  was  found  wrapped 
about  the  woman  in  the  interment  No.  11.'  It  is  however  made  of 
the  fibres  of  a  palm,  Astrocaryum  tucum,  and  not  of  cotton. 

Underneath  the  hammock  adhered  what  seemed  to  be  frag- 
ments of  large  leaves,  that  had  been  laid  in  the  bottom  of  the 
grave  before  the  body  was  deposited.  By  the  side  of  the  ham- 
mock there  were  also  found  fragments  of  palm  straw,  which  made 
me  suspect  that  outside  of  the  hammock  was  a  wrapping  of  this 
material.  Above  the  body  in  the  grave,  were  found  a  few  little 
sticks  which  were  disarranged  in  digging.  The  body  was  cov- 
ered simply  with  earth  and  stones.  The  body,  still  wrapped  in  the 
hammock,  will  be  preserved  in  the  Museu  Nacional. 

Nos.  7,  8,  9, 10.  Four  yga^abas  buried  in  a  line  transverse  to 
the  grotto.  They  were  extracted  before  our  exploration,  and  are 
said  to  have  been  sent  to  the  private  museum  of  His  Majesty  the 
Empenn:,  but  they  have  not  yet  arrived  there.  The  fourth.  No. 
10,  was  broken  in  extraction,  and  I  ^w  fragments  in  the  haads  of 
Sr.  Antunes  at  the  Fazenda.  Dr.  Bazilio  has  frumished  me  with 
some  important  notes  on  each  of  the  four  interments. 
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The  yga^abas  wore  all  OYoidal  in  form^  witiiont  base,  and  were 
buried  upright.  The  mouth  of  each  was  closed  by  a  round,  thick 
piece  of  tiie  bark  of  the  JequUiba^  set  into  the  orifice.  Outside, 
the  urns  were  covered  with  a  sort  of  basket-work  of  the  bast  of 
the  Emhauba  tingay  a  species  of  Cecropia,  and  to  this  was  attached 
a  cord  extending  across  the  mouth  to  serve  as  a  handle,  the  shape 
of  the  yga^abaa  rendering  it  necessary  to  provide  means  of  this 
kind  for  their  conduction.  It  is  worthy  of  note  that  all  the  urns 
are  small  and  contain  only  the  bones  of  children. 

Over  the  mouth  of  No.  8  was  found  a  small  basket  a  little  more 
than  eight  inches  in  diameter  and  made  of  cipo  tinga  a  kind  of 
lliana,  which  had  been  split,  carefully  prepared  and  woven  in  an 
open  manner,  the  basket  being  fhmished  with  a  cord  across  the 
mouth,  to  serve  as  a  handle.  It  contained  a  number  of  little 
bundles  of  palm  straw,  similar  to  those  that  form  the  outside  cov- 
ering of  the  body  in  No.  12.  The  basket  was  crushed  flat  by  the 
weight  of  the  earth  and  stones.  By  the  side  of  the  same  ygagaba 
was  found  interred  a  bundle  of  five  sticks,  bound  near  each  end 
by  a  bit  of  cipo.  These  sticks  were  of  about  the  thickness  of  a 
finger  and  four  were  about  three  feet  in  length,  the  fifth  was  some- 
what shorter.  They  were  all  sharp  at  one  extremity  and  blunt 
and  polished  at  the  other.  My  friend  Dr.  Muniz  Barretto,  who 
was  present  when  the  pot  was  found,  tells  me  that  it  contained 
the  skeleton  of  a  child  wrapped  up  in  bast  and  palm  straw,  form- 
ing a  bundle  which  was  afterward  tied  up  with  a  cord  of  the  palm 
fibre. 

By  the  side  of  No.  9,  and  in  part  bent  over  tiie  mouth  of  the 
pot,  was  found  a  ^'borAal  de  ca^a"  or  a  sort  of  small  haversack, 
woven  in  an  open  manner  of  palm  fibre  thread,  and  fUmished 
with  a  long  cord  by  which  it  might  be  carried  like  a  game  bag. 
According  to  the  description  of  Dr.  Bazilio  this  ^^bomal"  was  of 
exactly  the  same  shape  as  the  sacks  used  at  present,  not  only  by 
the  Botocudos  but  also  by  many  other  Indian  tribes  of  Brazil. 
The  sack  was  full  of  little  bundles  of  palm  straw,  similar  to  those 
found  in  the  basket  accompanying  No.  8. 

The  yga^abay  No.  10,  broken  in  extraction,  contained  the  bones 
of  a  child  of  about  twelve  years  of  age  and  which  had  already 
finished  its  first  dentition.  The  vessel  of  which  Sr.  Antunes 
showed  me  fragments,  was  of  the  form  of  an  egg  truncated  at  the 
larger  end.    The  mouth  was  large  and  entirely  without  lip.    The 
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Ulterior  of  the  vessel  showed  the  easts  of  striae  on  the  moald. 
The  exterior  surface  was  moderately  well  worked  down,  showing, 
however,  long,  hard  marks  of  the  finishing  tool.  There  were  no 
signs  either  of  ornament  or  of  glazing. 

The  four  ygagdbda  were  separated  one  from  the  other  by  little 
sticks,  which  circumstance  makes  me  sospect  that  they  were  all 
deposited  together. 

On  the  surface  of  the  ground  near  the  pots,  but  in  a  position 
which  I  am  unable  to  indicate  on  the  plan,  was  found  the  body  of 
a  child  probably  wrapped  up  in  bast. 

No.  11.  Mummied  bodies  of  a  mother  and  new- bom  child, 
wrappeil  in  the  same  hammock.  These  most  interesting  speci- 
mens are  preserved  in  the  Museu  Nacional  where  I  have  had  an 
opportunity  of  examining  them.  The  body  of  the  woman  is  a  nat- 
ural mummy,  simply  preserved  in  a  half  decomposed  and  dry 
state.  The  skin  remains  on  nearly  the  whole  body,  and,  so  per-  . 
feet  is  the  state  of  preservation,  that  the  lower  lip  remains,  and 
the  feet  are  simply  shrivelled  up.  The  body  reclines  somewhat  on 
the  left  side.  The  head  is  turned  to  the  left.  The  left  hand  was 
placed  on  the  breast  and  the  right  was  held  just  above  the  abdo- 
men. The  legs,  partially  drawn  up,  are  bent  over  to  the  left. 
The  body  bears  no  ornament. 

By  the  left  side  of  the  corpse  was  found  a  little  bundle  con- 
taining the  dried-up,  natural  mummy  of  a  new-bom  babe,  much 
'  'ed  up  and  wrinkled  and  but  little  discolored.  The  skin  is 
preserved.  The  left  arm  bears  a  sort  of  band  of  woven 
^,  and  on  one  leg  is  a  string  of  beads  made  of  rather  wide 
ms  of  a  hollow  bone  strung  on  a  coarse  thread,  a  touch- 
vidence  of  tendemess.  The  body  was  wrapped  up  in  bast, 
ied  outside  with  a  coarse  string  which  passed  through  the 
s  of  the  right  hand  of  the  woman,  who  in  death  was  thus 
y  united  to  her  offspring.  It  is  very  probable  that  the  wo- 
died  in  childbirth,  but  this  is  a  question  in  medical  juris- 
tnce  which  I  am  not  competent  to  decide.  Both  mother  and 
were  buried  in  the  same  hammock,  which  is  in  a  fair  state 
eservation  and  accompanies  the  body  in  the  museum,  but,  as 
3  been  removed  from  the  mummies,  it  is  not  possible  to  de- 
ne the  manner  in  which  it  was  wound  about  them.  The  ham- 
consists  of  rather  coarse  cotton  thread,  and  is  constracted 
;hat  in  which  the  body  of  the  young  person.  No.  6,  is  en- 
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wrapped.  It  consists  of  threads  parallel  to  one  another  and  con- 
siderably spaced,  united  together  at  intervals  of  a  foot  or  more  by 
transverse  threads.  At  the  two  extremities  of  the  hammock,  the 
threads  appear  to  be  simply  gathered  together  for  the  attachment 
of  a  stout  cord  for  suspension. 

In  the  manner  of  weaving,  or  rather  in  tiie  arrasgement  of  the 
threads,  the  hammocks  of  the  cavern  of  the  Monro  de  Diogo  Velho 
bear  a  close  resemblance  to  that  represented  in  one  of  Lery's 
woodcuts,^  but  the  form  is  different.  Lery  says  that  the  Brazilian 
Indians  made  their  inta  of  cotton  thread,  sometimes  like  a  net, 
sometimes  woven  into  a  close  cloth.  Both  Lery  and  Stade  call  the 
hammock  ini  or  inniy  a  word  which  I  have  sought  in  vain  in  Tupi 
dictionaries,  and  which  does  not  occur  to-day  in  Lingoa  geral. 

On  the  Amazonas  the  name  for  hammock  is  ky^na  (kygaba^ 
old  Tupi),  a  word  which  seems  to  have  been  derived  from  ker 
dormir  (to  sleep)  and  the  termination  ^dbd  or  ^dna^  which  indicates 
the  instrument  with  which  anything  is  done.  In  the  language  of 
the  Mundurucus  I  have  found  ulu  and  in  that  of  the  Mau^  yly 
meaning  hammock,  both  of  which  forms  may  well  have  been  de- 
rived from  the  same  source  as  im,  as  the  three  languages  above 
enumerated  belong  to  the  same  family.  " 

Underneath  the  bundle  formed  by  the  two  bodies  were  laid  side 
by  side  a  number  of  broad  strips  of  coarse  bark. 

Over  the  bodies  was  deposited  upside  down  a  basket,  well  made 
and  frill  of  little  bundles  of  palm  straw,  each  with  a  knot.  Over 
this  were  laid  side  by  side  strips  of  coarse  bark,  like  those  under- 
neath the  body,  the  whole  being  covered  with  earth. 

In  the  same  grave  was  found  a  '^  bomal "  similar  to  that  already 
described,  but  in  a  bad  state  of  preservation. 

No.  12.  Bundle  containing  the  remains  of  a  little  child,  found 
buried  at  a  slight  depth  and  extracted  in  my  presence.  The  body 
was  well  wrapped  in  the  first  pi  ace  in  strips  of  bast  forming  a 
little  bundle  scarcely  eighteen  inches  long,  a  foot  and  a  half  broad 
and  about  four  inches  high.  This  package  was  then  loosely  cov- 
ered on  the  outside  with  palm  straw,  which  was  tied  up  in  a  number 
of  little  bundles  like  those  found  in  the  baskets,  and  the  ^^bornal" 
already  described.  The  body  was  deposited  immediately  upon  a 
flat  stone,  and  over  it  were  placed,  side  by  side,  four  flat  pieces  of 
bark,  about  two  feet  long  and  two  inches  wide,  forming  a  sort  of 
1  Lery,  Historia  Nayigationis  in  BraaUiam,  edition  1386,  p.  SU. 
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protecting  covering.  Tiie  bast,  palm  straw,  and  bark  are  all  well 
preserved  but  the  packi^e  has  not  been  opened. 

I  examined  the  cavern  carefblly  everywhere  for  objects  of  stone, 
fireplaces,  etc.,  but  foand  no  sign  that  it  had  ever  been  either  a 
dwelling  or  that  it  was  a  place  much  resorted  to.  Sr.  Antnnes 
found  on  the  ^x>r  of  the  cavern  a  fire  brand  and  a  long  split  stick 
which  he  thought  might  have  been  used  to  collect  water,  bat  both 
these  objects  may  be  very  recent.  In  the  spot  marked  18  a  sharp- 
ened stick  was  foond  buried.  I  have  not  seen  it,  but  Dr.  Bazilio 
thought  it  to  be  an  arrow. 

The  observations  made  in  the  Gruta  das  Mumias  show  that  the 
cavern  is  a  natural  excavation  which  has  served  as  a  cemetery  to 
savage  Indians.  So  far  as  the  mode  of  burial  and  the  preserva- 
tion of  the  bodies  are  concerned  it  offers  nothing  very  novel,  but 
as  an  archaeological  locality  carefhlly  explored  it  is  of  much  im- 
portance. 

The  Gruta  das  Mumias  is  not  the  only  cave  in  Brazil  in  which 
Indian  interments  have  been  found.  Dr.  Bazilio  found  a  large 
number  of  skeletons  in  a  cave  near  the  head  waters  of  the  Itap6- 
merim.  A  similar  excavation  is  reported  to  exist  near  Macah6, 
and  yet  another  containing  mummied  bodies  and  urns  in  the  Serra 
dos  Dols  Irmaos,  near  the  head  waters  of  the  Bio  Parahyba  do 
Norte.  My  Mend,  Sr.  D.  S.  Ferreira  Fenna,  discovered  another  in 
Brazilian  Guyana,  in  which  was  found  the  portrait  urn  I  described 
and  figured  some  time  ago  in  the  Amsbican  Naturalist.  Every 
one  will  remember  the  cave  of  the  Atures  on  the  Orinoco  visited 
by  Humboldt. 

The  burial  of  the  dead  in  the  hammock  has  been  described  over 
and  over  again  by  writers  on  the  Brazilian  Indians,  and  the  same 
custom  is  still  in  force  to-day  among  many  tribes,  but  I  do  not  re- 
member having  met  with  a  description  of  the  mode  <^  wrapping 
the  body  in  strips  of  bast  and  in  palm  straw. 

Urn  burial  was  practised  by  many  ancient  Brazilian  tribes,  and 
is  still  in  use  to-day  in  many  parts  of  the  country. 

Two  Tup(  names  are  applied  to  the  burial  urn  in  Brazil,  ygagSba 
and  oamuA  or  cctmutim.  The  former  simply  means  a  vessel  to 
hold  water,  the  latter  a  pot  of  any  kind.  It  is  a  great  mistake  to 
suppose  that  either  name  belongs  exclusively  to  the  burial  vase. 

Ordinarily  the  vessel  is  not  made  on  purpose  for  the  body,  but 
one  of  the  larger  earthen  pots  for  water,  or  for  brewing  cauim  is 
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Qsed.  It  is  safe  to  say  that  when  the  corpse  is  to  be  buried  im- 
mediately the  vase  is  not  made  on  purpose.  It  takes  time  to 
make  and  ornament  an  earthen  vessel,  and  true  burial  vases  in 
Brazil  will  usually  be  found  to  contain  only  the  cleaned  bones  of 
the  dead.  Those  of  Maraj6  are  often  made  with  the  greatest  care 
and  most  elaborately  ornamented.  I  have  already  called  atten- 
tion to  the  facts  that  they  are  often  true  gesiehtsumemy  wonderfully 
resembling  those  of  the  old  world,  about  which  so  much  has  of 
late  years  been  written  by  Gkrman  archadologists. 

As  to  the  antiquity  of  the  interments  in  the  Gruta  das  Mumias, 
nothing  whatever  caxk  be  at  present  determined.  At  first  sight, 
the  state  of  preservation  in  some  cases  of  hair  of  the  skin  of  car- 
tilages and  dried  muscles,  of  hammocks  and  bags,  etc.,  would  ap- 
pear to  indicate  that  the  bodies  were  buried  at  an  extremely  recent 
date,  but  it  is  well  known  that,  for  very  many  years,  no  savage 
Indians  have  existed  in  the  vicinity. 

In  the  decomposition  of  a  human  body  in  a  dry  place,  the  soft 
parts  disi^peiu*  quickly,  but  the  skin,  the  cartilages  and  other 
parts,  may  dry  up  and  be  preserved  indefinitely.  This  loose  ma- 
terial in  which  the  bodies  were  buried  was  extremely  dry^  so  dry 
that,  though  our  explorations  were  made  in  the  wet  season  and 
even  during  heavy  rains,  the  negroes  in  working  raised  a  thick 
cloud  of  dust,  that  at  one  time  drove  us  from  the  cave.  This  dry 
material,  probably  containing  much  saltpetre,  is  particularly 
adapted  for  the  preservation  of  organic  substances.  The  human 
remains  of  the  cave  may  be  many  hundreds  of  years  old. 

In  the  present  state  of  our  knowledge  of  Brazilian  archaeology, 
it  is  impossible  to  determine  the  tribe  to  which  the  cemetery  be- 
longed. We  are  ignorant  of  the  epoch  of  the  interment  and  of 
the  history  of  the  different  tribes,  that  in  turn  have  occupied  the 
locality.  Indeed,  the  little  information  that  we  possess  of  the 
aborigines  last  known  to  have  existed  in  this  part  of  southern 
Kinas  is  meagre  in  the  extreme. 
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ni.  THE  ACTINOZOA. 

The  sea  anemones  and  coral  polypes  are  more  highly  developed 
that)  the  Hydroids,  since  the  mouth  opens  into  a  doable  digestive 
cavity,  which  is  supported  for  its  whole  length  by  the  six  primary 
curtdns  or  septa.  The  second  and  lower  half  of  the  cavity  en- 
larges greatly,  and  communicates  with  the  general  cavity  of  the 
body,  the  upper  portion  being  entire,  tubular,  and  forming  a  sort 
of  tJiroat  opening  into  the  proper  digestive  cavity.  In  the  Hy- 
droids,  the  digestive  cavity,  it  may  be  remembered,  is  simply  hol- 
lowed out  of  the  body  cavity  and  is  a  more  primitive  affair  than 
that  of  the  Actiniae. 

While  in  the  Hydroids  also  the  ovaries  hang  outside  the  body 
cavity,  in  the  true  polypes  they  are  attached  to  the  septa  or  walls 
of  the  radiating  chambers,  so  that  the  eggs,  when  ripe,  drop  down 
into  the  body  cavity,  whence  they  pass  out  thi*ough  the  mouth,  or, 
as  observed  by  Lacaze-Duthiers,  in  the  coral  polypes  through  the 
tentacles.  The  chambers  between  the  septa  correspond  to  the 
water  canals,  or  chymiferous  tubes  of  the  Hydroids. 

In  the  coral  polypes  the  coral  is  secreted  in  the  chambers,  so  that 
there  are  soft  partitions  alternating  with  the  limestone  ones.  The 
tentacles  which  surround  the  mouth  vary  greatly  in  number.  They 
are  hollow,  each  communicating  with  a  chamber. 

The  polypes  are  divided  into  (1),  the  Actinoids  (Zoantharia) 
which  either  secrete  no  limestone,  as  in  the  sea  anemones,  or  form 
a  coral  stock,  as  in  the  coral  polypes,  and  have  an  indefinite  num- 
ber of  tentacles,  and  (2),  the  Halcyonoids,  in  which  the  tentacles 
are  eight  in  number.  Such  are  the  sea  fans  (Gorgonia)  and  Hal- 
cyonium,  which  does  not  secrete  a  coral  stock. 

Development,  The  life  history  of  a  polype  is  soon  told.  Natu- 
ralists are  indebted  to  the  magnificent  memoirs  of  Lacaze-Duthiers 
for  a  Aill  biography  of  not  only  several  genera  of  sea  anemones 
(Actinia  mesembryanthemuniy  Bunodes  and  Sagartia)  but  also  of 
the  Grorgonia,  Halcyonium,  red  coral,  and  the  Astraeoides,  a  Medi- 
terranean form  allied  to  Astray. 

(218) 
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The  ybung  sea  anemone  develops  without  any  metamorphosis, 
directly  into  the  adult  condition.  Lacaze-Duthiers  could  not 
determine  by  actual  sight  how  fecundation  of  the  egg  takes  place, 
or  whether  the  egg  passes  through  a  morula  stage  or  not,  though 
he  infers,  with  every  reason,  that  this  stage,  >.  6.,  the  segmentation 
of  the  egg  contents,  takes  place  in  the  ovary.  The  ovaries  and 
spermaries  are  in  the  Actinise  situated  in  the  same  individual ;  the 
eggs  are  oval,  while  the  spermatic  cells  are  of  the  usual  tailed 
form.  The  fecundated  egg  in  the  state  in  which  it  was  first  seen 
by  Lacaze-Duthiers  was  oval,  and  surrounded  Fig.  75. 

by  a  dense  coat  of  transparent  conical  spinules. 
He  was  soon  able  to  detect  the  presence  of  the 
two  primitive  germinal  layers,  the  ectoderm 
and  endoderm.  Fig.  75  (i^om  Metschnikofl) 
illustrates  the  relation  of  the  embryonal  layers 
in  the  larva  of  another  polype  which  he  calls 
^^kaliphobenartige  Polypen  larve  ;**  a,  primitive 
opening  into  the  gastro-vascular  cavity;  &,  c, 
ectoderm ;  d,  entoderm ;  e,  body  cavity),  show-  cuiated  larva  of  a 
ing  that  the  walls  of  the  digestive  cavity  are  Polype. 

formed  by  the  entoderm ;  and  MetschnikofTs  figure  shows  that  the 
embryo  polype  has  a  greater  resemblance  to  tiie  embryo  starfish 
of  the  same  age  than  the  acalephis. 

Two  lobes  next  appear  within  the  body,  these  subdivide  into 
four,  eight  and  finally  twelve  primitive  lobes.  This  stage  is  rep- 
resented by  the  corresponding  stage  of  the  coral  (Fig.  77,  B).  Not 
until  after  the  twelve  primitive  lobes  are  fhlly  formed  do  the  ten- 
tacles begin  to  make  their  appearance.  When  the  first  twelve 
tentacles  have  grown  out,  twenty-four  more  arise,  and  so  on,  until 
with  its  increasing  size  the  actinia  is  provided  with  the  full  number 
peculiar  to  each  species.  The  preceding  remarks  apply  to  Actinia 
mesembryanthemumj  but  Lacaze-Duthiers  observed  the  same 
changes  in  two  species  of  Sagartia  and  in  Bunodes  gemmacea. 

Turning  now  to  the  stony  corals  we  will  give  more  fully  the 
sequence  of  events  in  the  life  of  a  coral  builder  of  the  Mediter- 
ranean, the  AstroBo'ides  ccHycukiris^  so  faithflilly  narrated  by  La- 
caze-Duthiers. Fig.  76  taken  fVom  Tenney's  *^  Manual  of  Zool- 
ogy "  illustrates  this  coral  in  various  stages  of  expansion. 

He  studied  this  coral  on  the  coast  of  Algiers,  and  found  that 
reproduction  took  place  between  the  end  of  May  and  July,  the 
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young  developing  most  actively  at  the«end  of  Jane.  Unlike  Ac- 
tinia, which  is  always  hermaphrodite,  this  coral  is  rarely  so,  bat 
the  polypes  of  different  branches  belong  to  different  sexes. 

As  in  the  other  polypes,  inclading  Actinia,  the  eggs  and  sper- 
matic particles  raptare  the  walls  of  their  respective  glands  situ- 
ated in  the  fleshy  partitions.  As  in  Actinia,  Lacaze-Duthiers  thinks 
the  fecundation  of  the  egg  occurs  before  it  leaves  the  ovary,  when 
also  the  s^^entation  of  the  yolk  must  take  place.  Unlike  the 
embryo  Actinia,  the  ciliated  young  of  the  coral,  after  remaining 
in  the  digestive  cavity  for  three  or  four  weeks,  make  their  way  out 
into  the  world  through  the  tentacles.  '*  Many  times,"  says  Lacaze- 
Duthiers  ''have  I  seen  the  end  of  the  tentacle  break  and  let  out 

Fig.  7B. 


Coral  polype  (Astrsoides  oalycolaris)  expanded. 

the  embryo."  The  appearance  of  the  embryo,  when  first  ob- 
served, was  like  that  in  Fig.  77,  A,  an  oval,  ciliated  body  with  a 
small  mouth  and  a  digestive  cavity.  This  may  be  called  I4ie  gas- 
trula,  adopting  Heeckel's  phraseology. 

The  gastrula  changes  into  an  actinoid  polype  in  from  thirty  to 
forty  days  in  confinement,  after  exclusion  from  the  parent,  but  in 
nature  in  a  less  time,  and  it  probably  does  not  usually  leave  the 
mother  until  ready  to  fix  itself  to  the  bottom. 

Before  the  embryo  becomes  fixed  and  the  tentacles  arise,  the 
lime  destined  to  form  the  partitions  begins  to  be  deposited  in 
the  endoderm*  Fig.  77,  C,  shows  tiie  twelve  rudimentary  septa. 
These  after  the  young  actinia,  or  ''aotinula"  (Allman),  has  be- 
come stationary,  finally  enlarge  and  become  Joined  to  the  external 
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walls  of  the  coral  now  in  course  of  formation  (Fig.   77  C,  c) 

forming  a  groundwork  or  pedestal  on  which  the  actinula  rests. 

D  represents   the  young  polype  Fig.  77. 

resting  on  the  limestone  pedestal. 
In  the  experience  of  Lafcaze-Du- 

thiers  it  happened  that  the  embryo 

polype  which  had  been  swimming 
Tig,  78,       about  in  his  jars  for 
about  a  month,  sud- 
denly,   within     the 
space  of  three  or  four 

hours  after  a  hot  si-  <» 

rocco  had  been  blow- 
ing for  three  days, 
assumed  the  form  of  c 

small  disks  (Fig.  77,   u^^giopment  of  a  coral  polype,  Astras- 
B),  divided  as  in  the      oWe«  calycularfs.  After  L.Duthlers. 

Actinia  into  twelve  small  folds  forming  the  bases  of 
the  partitions  within. 

The  tentacles  next  arise,  being  the  elongation  of 
the  chambers  between  the  partitions,  six  larger  and 
elevated,  six  smaller  and  depressed  (Fig.  77,  D). 
The  definitive  form  of  the  coral  polype  is  now  as- 
sumed, and  in  the  Astrseoides  it  becomes  a  compound 
polypary. 

The  singular  floating  young  Fdwardsia,  originally 
described  under  the  name  Arachnactiaj  has  been 
found  by  Mr.  A.  Agassiz  to  be  the  early  swimming 
bida.        stage  of  Edwardsia,  a  worm-like  Actinian,  which, 
like  Halcampa  albida  (Fig.  78^),  lives  in  the  sand  or  mud,  unat- 
tached to  any  fixed  object. 

Kowalevsky  has  lately  found  that  the  Cerianthus,  a  gigantic 
Actinia  which  lives  in  a  tube  in  the  mud  at  great  depths,  has  a 
firee  swimming  early  stage  like  Edwardsia. 

The  following  is  a  summary  of  the  changes  undergone  by  the 
polypes  so  far  as  known : — 

1.  Egg  fertilized  by  true  spermatozoa. 
2  ?  Morula. 

1  This  flgnre  was  Undly  loaned  by  FrofeMor  S.  F.  Baird,  U.  S.  Commieaioner  of  Flab 
and  Flflberiea. 
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8.  Planula  (Gastrala). 

4.  Actinula,  with  twelve  primitive  tentacles. 

5.  Adolt  actinia  or  polype. 

LITBBATUBB.     « 

LacoMe'Duikieri,  Direloppment  dea  Conlliaires  (Laoase-Dutliiert'  ArohiTes  d«  Zo- 
ologie  Experimentale,  eto.    187S,  1878). 

IV.    THE  CTBNOPHORiB. 

These  beautiful  animals  derive  their  name  Ctenopborae,  or 
"comb-bearers,"  from  the  vertical  rows  of  comb-like  paddles,  situ- 
ated on  horizontal  bands  of  muscles,  which  serve  as  locomotive 
organs,  the  body  not  contracting  and  dilating  as  in  the  true  jelly 
fishes.  In  their  organization  they  are  much  more  complicated 
than  any  animals  of  which  we  have  yet  spoken,  as  4t  has  been 
shown  by  the  two  Agassizs  that  they  have  a  true  digestive, cavity, 
passing  through  the  body  cavity,  with  a  posterior  outlet,  and  orig- 
inating in  the  same  manner  as  in  the  f^chinoderms.  From  this 
alimentary  canal  are  sent  off  chymiferous  tubes  which  "  correspond 
in  every  respect  with  the  water  tubes  of  the  Echinoderms"  (A. 
Agassiz).  The  rows  of  paddles  are  intimately  connected  with  the 
chymiferous  tubes,  so  that  the  movements  of  the  body  are  in  di- 
rect relation  with  the  act  of  breathing.  Moreover  these  animals, 
while  in  the  disposition  of  the  organs  following  the  radiate  plan 
of  structure,  are  also  more  truly  bilateral  than  any  of  the  lower 
classes  of  radiates.  The  sexes  are  united  in  the  same  individual ; 
the  ovaries  in  Idyia  are  on  one  side  of  the  main  chymiferous  tube, 
and  the  spermaries  on  the  other,  both  being  brilliantly  colored. 

Refennng  the  reader  for  farther  details  to  Mr.  A.  Agassiz's  "Sea 
Side  Studies,"  where  these  animals  are  described  and  illustrated 
with  sufficient  detail  for  the  general  reader,  we  will  now  turn  to 
their  mode  of  growth,  under  the  guidance  of  the  same  author, 
whose  recent  richly  illustrated  memoir,  with  others  by  Kowalevsky 
and  Fol  leaves  but  few  gaps  to  be  filled  by  future  observers. 

Development.  Agassiz  states  that  the  Ctenophorse  are  readily 
kept  in  confinement,  and  from  twelve  to  twenty-four  hours  after 
they  are  captured  lay  their  eggs,  either  singly  or  in  strings,  or, 
as  in  Idyia,  in  a  thick  slimy  mass.  The  Ctenophorse  of  our 
eastern  coast  spawn  from  late  in  July  through  August  and  Sep- 
tember.   "The  young  brood  developed  during  the  fall,  comes  to 
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the  surface  again  the  following  spring  as  nearly  full-grown  Cteno- 
phorse,  to  lay  their  eggs  late  in  the  summer."  Fortunately  the 
^gs  are  so  transparent  that  in  some  forms  (Pleurobrachia  and 
Bolina)  the  embryology  can  be  studied,  not  only  in  the  egg  but 
also  through  nearly  all  the  earlier  stages  of  the  larva. 

Selecting  Pleurobrachia  as  an  example  of  the  mode  of  growth, 
we  find  that  as  in  Idyia  the  egg  consists  of  two  layers,  i,  e.  an 
inner  yolk  mass  and  an  outer,  thin,  finely  granular  layer  surrounded 
by  a  transparent  envelope.  The  inner  mass  acts  merely  as  a  nu- 
tritive mass,  while  the  outer  is  the  true  embryonic  layer,  which 
builds  up  the  body  at  the  expense  of  the  central  nutritive  mass. 
No  nucleus  nor  nucleolus  has  been  observed  by  Agassiz  in  the 
eggs  of  any  Ctenophoree,  after  they  are  once  laid,  until  late  in  the 
stage  of  segmentation.  The  egg  divides  into  four  and  again  eight 
spheres  of  segmentation,  eacli  of  which  has,  like  the  egg^  origi- 
nally an  outer  and  inner  mass.  In  a  second  stage  of  segmentation 
small  cells  arise  which  surround  the  original  eight  large  cells. 
From  these  small  cells  the  external  organs  are  destined  to  arise, 
while  the  larger  cells  form  a  yolk  mass  out  of  which  the  internal 
organs  arise. 

The  embryonal  layer  is  next  formed,  then  the  outer  wall  by  "the 
gradual  encroachment  of  the  actinal  cells  over  the  whole  of  the 
yolk  mass."     Finally,  the  mouth  (actinos-  ^.    ^^ 

tome)  of  the  germ  is  formed,  and  after- 
wards the  digestive  cavity,  which  results 
firom  an  invagination  of  tlie  outer  embry- 
onic layer  (ectoderm).  Fig.  79  (after 
Metschnikoff)  represents  the  larva  of  a 
Cydippe ;  a,  primitive  opening ;  6,  gastro 

vascular  cavity ;  c,  ectoderm ;  d,  endo-        ^   ^,     ^  ^  ^. 

•^         '  '      '  Gastrula  of  Cydippe. 

derm ;  e,  interspace  corresponding  to  the 

body  cavity  of  the  larva  of  the  polype.  The  development  of  the 
chymiferous  tubes  is  8ucceede<l  by  that  of  the  loconiotive  flappers, 
eight  or  nine  pairs  in  each  row  appearing  before  the  young  leave 
the  egg^  and  of  the  fringed  tentacle,  which  attains  a  great  length 
after  the  young  is  hatched. 

Finally  the  definitive  form  of  the  Pleurobrachia  is  attained 
before  it  leaves  the  egg,  as  seen  in  Fig.  80  (^  tentacles ;  e,  eye- 
speck;  c,  c,  rows  of  locomotive  flappers;  d,  digestive  cavity; 
greatly  magnified  after  A.  Agassiz). 
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Fig.  81  shows  the  young  Pleurobrachia  swimming  about  in 
the  egg  just  before  hatching,  and  in  Fig.  82  (after  A.  Agassiz), 
Fig.  80.  we  see    the    young    after    hatching 

(magnified)   with    nearly  the    same 
form  as  the  adult ;  /  indicates  the 
fdnnel  leading  to  the  anal  opening,  7, 
the  lateral  tubes,  and  cccf  d  the  rows 
.of  locomotive  flappers.    The  remain* 
ing  changes  are  slight,  and  there  is 
not  even  a  slight  metamorphosis,  the 
body  simply  becoming  spherical  and 
the  tentacles  increasing  enormously 
in  length.    In  Bolina  and  its  allies, 
as  A.  Agassiz  states,  '^the  morpho- 
reat,  and  it  would  indeed  puzzle  the 
>  recognize  in  the  early  stages  of  some 
;  of  well  known  genera.    We  cannot 
rphosis  in  the  ordinary  sense -of  the 
ibaur,  but  there  certainly  are  remark- 
Fig.  as. 


The  same  aner  hatching. 

most  total  suppression  of  the  tentaQu- 
aent  of  auricles,  of  lobes,  with  their 
'erous  tubes,  which  alter  radically  the 
^rsd  at  successive  periods  of  growth, 
»Unger  and  the  older  stages  differences 
at  systematic  value.'' 
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The  summary  of  stages  is  very  brief,  the  Cteoophore  passing 
tlirough  three  phases : — 

1.  Egg  stage. 

2.  Morula  state. 

8.  Adult  form,  assumed  before  hatching. 
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v.  THE  ECHINODEBMS. 

The  Echinoderms  (starfishes,  sea  urchins  and  sea  cucumbers) 
are  far  more  complicated  than  the  Coelenterates,  having  a  true  ali- 
mentary canal  passing  through  the  general  cavity  of  the  bmly. 
In  them  for  the  first  time  among  the  Radiates  appears  a  well  devel- 
oped nervous  system.  Not  only  do  the  young  exhibit  a  bilateral 
symmetry,.  biKt  in  the  higher  forms,  as  the  spantangoid  sea  urchins, 

Fig.  83. 


Pendacta-fVY>Ddosa     (From  ToDO<>y'4  Zoology.) 

this  is  quite  well  marked;  and' there  is- a* dorsal  and  ventral  side. 
Still,  in  the  generality  of  the  forms>  the- radiated  plan  of  structure 
is  remarkably  adhered  to,  the  body  as- distinctly  niade  up  of  sphae- 
romeres,  or  wedge-shaped  sections  of  the  body,  as  the  worms  are 
of  segments  (airthromeres).  In  thia  and  other  respects,  as  well 
as  the  form  of  the  larvie,  there  i^  a  remarkable,  parallelism  be- 
tween the  worms  and  echinoderms.  . . 
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Fig.  84. 


We  will  briefly  review  some  of  the  anatomical  features  of  the 
Echinoderms,  in  Order  to  anderstand  their  complicated  mode  of 
growth. 

The  stomach  and  intestinal  canal  either  pass  straight  or  in  a 
spiral  course  through  the  body,  as  in  the  sea  urchins  (Fig  103)  and 
Holothurians  (Fig.  83),  and  open  out  at  the  opposite  end ;  or,  as 
in  the  Antedon  (Comatula),  the  anal  opening  is  situated  near  the 
mouth,  while  in  the  Ophiurans  (Fig.  85)  and  Luidia  and  Astro- 
pecten,  low  starfishes,  the  *  undigested  food  is  rejected  fi'om  the 
mouth.  In  the  starfishes  and  Holothurians,  the  alimentary  canal 
opens  into  five  voluminous  ciecal  appendages.  These  are  wanting 
in  the  Ophiurans,  and  there  are  but  two  in  Astropecten.    They 

are  in  connection  with  the  complicated 
water  tubes,  which  consist  of  a  canal 
surrounding  the  mouth  and  sending 
branches  out  into  the  rays  of  the  star- 
fishes in  communication  with  the  l6co- 
'  motive  organs  or  suckers,  called  am- 
bulacra. The  water  fills  the  tubes 
through  a  duct  leading  from  the  sieve- 
Hooks  and  Plates  oi  Synapta.      ji,^^    plate,    situated    in    the    dorsal 

(abactinal)  portion  of  the  body.    Near  this  duct  is  the  pulsating 
tube,  the  so-called  heart. 

The  Echinoderms  are  further  distinguished  by  the  body  walls 
secreting  calcareous  plates,  often  Fig.  85. 

formiifga  solid  limestone  shell,  as 
in  the  sea  urchins ;  or  the  plates 
are  smaller  and  movable  as  in  the 
starfishes,  or  as  in  the  sea  cucunu 
bers  they  are  microscopic,  buried 
in  the  skin ;  sometimes,  as  in  the 
Synapta  forming  anchor-like  hooks 
andrsmall  plates  (Pig.  84). 

The  sexes  ace  as  a  rule  distinct. 
In  Ophiura  sqummaia  and  Synapta 
the}^  are  united  in  ithe  same  indi- 
vidual. The  ovaries  and  testes 
are  gland-like  masses  situated  at  sand  •tor(OphiophoUs  acuieata). 
the  base  of  thp  arms  in  lihe  starfishes,  or  between  the  ambulacra 
m  the^aea  urchins.   Ihe^ovaries  are  red  or  yellow,  the  male  glands 
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wbitisb.  Iq  (he  Ophiurans  the  eggs  and  spermatozoa  pa^  out  of, 
the  body  through  little  holes  between  the  plates. on  the  under  side 
of  the  body.  In  those  starfishes  in  which  the  alimentary  canal 
is  a  blind  sac,  the  ^;gs  are  emptied  intQ)  the  body  cavity;  but 
bow  they  pass  out  is  unknown*  In  some  starfishes  they  escape 
through  certain  (interradial)  plates  on  the  back.  In  the  Echi- 
Doids  they  make  their  exit  fh>m  between. th^  ambulacra.  In  the 
Holothurians,  however^  there  is  a  duct  leading  fbom  the  generative 
gland  opening  out  near  the  mouth,  between  the  tentacles.  The, 
^gs  are  usually  roun^,  and  minute.;  the  spermatozoa, of  the  usual 
tailed  form.    Fertilization  .takes  place  in  the  water^ 

Remembering  that  there  are  five  well-marked  divisions  of 
Echinoderms, ».«.,  Crinoidea^  Ophiuroidea^  Asteroidea^  Ecfunoidea^ 
and  Holothuroidea^  we  will  now  review  some  of  the  main  points  in 
the  mode  of  development  of  the  respective  orders. 

Development  of  the  Orinoids.  While  we  know  nothing  of  the 
mode  of  development  of  the  true  Fentacrinus  and  Rhizocrlnns, 
the  lineal  descendants  of  the  Crinoids  of  the  earlier  geological 
ages,  we  have  quite  fhll  information  regarding  $hd  life-history  of 
the  Antedon,  which  is  for  a  part  of  its  life  stalked,  and  is  in  fact 
a  true  crinoid. 

The  following  account  is  taken  (sometimes  word  for  word)  ft'om 
Professor  WyAille  Thompson's  researches  on  the  4ntedon  rosaceus 
of  the  British  coast.  The  ovaries  open  externally  on  the  pinnules 
of  the  arms,  while  there  is  no  special  opening  for  the  spermatic 
particles,  and  Prof.  Thompson  thinks  they  are  ^^  discharged  by  the 
thinning  away  and  dehiseeaee  of  the  integnment."  The  ripe  eggs 
hang  for  three  or  four  days  fVom  the  opening  like  a  launch  of 
grapes,  and  it  is  during  this  period  that  they  are  impregnated. 
Xbe  f^g  then  undergoes  total  segmentation.  Fig,  86^  A,  represents 
the  egg  with  four  nucleated  cells,  an  early  phase  of  the  ranlberry 
or  morula  stuge.  After  the  segmentation  of  the  yolk  is  finished,  the 
cells  become  fhsed  together  into  a  mass  of  indifferent  protoplasm, 
with  no  trace  of  organization,  but  with  a  few  fat  eelU  ia  the  centre. 
This  protoplasmic  layer  becomes  converted  into  an  oval  embryo, 
whose  surface  is  uniformly  ciliated.  The  mouth  is  fonned^  with 
the  lai^e  cilia  around  it,  before  the  emt>ryo  leaver  the  ^g*  When 
hatched,  the.  lan'a  is  long,  oval,  and  girded  wi|>h  four  zoi^  of  cilia, 
with  a  tufb  of  ciliii  at  the  end,  a  moqth  and  anal  opeping,  and  is 
about  *8  millimetre  in  leogth.    The  body  cavity  is  formed  by  an 
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inversion  of  the  primitive  sarcode  layer  which  seems  to  corres- 
pond to  the  ectoderm. 

Within  a  few  hours  or  sometimes  days,  there  are  indications  of 
the  calcareous  areolated  plates  forming  the  cup  of  the  fhture  cri- 
noid.  Soon  others  appear  forming  a  sort  of  trellis  work  of  plates 
and  gradually  build  up  the  stalk,  and  lastly  appears  the  cribriform 
basal  plate.  Fig.  86,  B,  c,  represents  the  young  crinoid  in  the 
middle  of  the  larva,  whose  body  is  somewhat  compressed  under  the 
covering  glass.  Next  appears  a  hollow  sheath  of  parallel  calca- 
reous rods,  bound,  as  it  were,  in  the  centre  by  the  calcareous 
plates.    This  stalk  (B,  c)  arises  on  one  side  of  the  digestive 

Fig.  86. 

c 


Derelopment  ofi  a  Crinoid  (Antedou). 

cavity  of  the  larva,  and  there  is  no  connection  between  the  body 
cavity  of  the  larva  and  that  of  the  embryo  crinoid. 

Two  or  three  days  after  the  appearance  of  the  plates  of  the 
crinoid,  the  larva  begins  to.  change  its  form.  The  mouth  and  di- 
gestive cavity  disappear,  not  being  converted  into  those  of  the 
crinoid.  The  larva  sinks  to  the  bottom  resting  on  a  seaweed  or 
stone  to  which  It  finally  adheres.  The*  Pentacrinus  Is  embedded  in 
the  former  larval  body  (the  cilia  having  disappeared),  now  consti- 
tuting a  layer  of  sarcode  conforming  to  the  outline  of  the  Antedon. 

Meanwhile  the  cup  of  the  crinoid  has.  been  forming.  It  then 
assumes  the  shape  of  an  open  bell ;  the  mouth  Is  formed^  and  five 
lobes  arise  fh>m  the  edges  of  the  calyx.  Afterwards  five  or  more, 
usually  fifteen  tentacles,  grow  out,  and  the  young  Antedon  appears 
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as  in  Fig.  86,  C  (after  Thompson).  The  walls  of  the  stomach  then 
separate  from  the  body-wall.  The  animal  now  represents  the  pri- 
mary stage  of  the  orinoids,  that  which  is  the  permanent  stage  in 
the  Pentacrinus  and  its  fossil  allies.  The  Antedon,  however,  in 
after  life  separates  from  the  stalk  and  moves  about  freely. 

Development  of  the  Starfish.  We  will  select  as  a  type  of  the 
mode  of  development  of  the  starfishes,  that  of  tb«  common  five 
finger,  Asterias  (Fig.  87),  as  worked  out  with  great  thoroughness 

Fig.  87. 


by  Mr.  A.  Agassiz,  and  given  in  the  '^Seaside  Studies."  The 
accompanying  illustrations  are  taken  from  this  work  and  the  orig- 
inal memoir,  through  the  kindness  of  the  author,  whose  descrip- 
tion is  here  freely  used. 

Fig.  88  shows  the  transparent  spherical  egg,  enclosing  the  ger- 
minative  vesicle  and  dot,  and  Figs.  89,  90,  illustrate  the  segment- 
ation of  the  3'olk  into  two  and  eight  and  more  cells,  ^enclosing  a 
central  cavity.  After  this  the  embryo  hatches  and  swims  about  as 
a  transparent  sphere  (Fig.  91).  A  depression  (Fig.  92,  ma)  then 
begins  to  appear,  the  body  elongates,  and  this  depression  forms 
an  inversion  of  the  outer  wall  of  the  body  (ectoderm),  constitut- 
ing the  body  cavity  (d,  Fig.  93,  a),  being  the  provisional  mouth- 
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opening,  afLerwards  becoming  the' anal  opening;  at  this  time, bow- 
ever,  serving  both  for  taking  in  and  rejecting  the  food).  From 
the  upper  extremity  of  the  digestive  cavity  next  project  two  lobes 
(w,  w',  Fig.  94,  m,  month).  These  separate  from  their  attachment 
and  form  two  distinct  hollow  cavities  (to,  «/,  Fig.  95,  a,  d,  c,  di- 
gestive system ;  v,  Vibratile  chord ;  w,  mouth).  Here  begins  the 
true  history  of  the  young  starfish,  for  these  two  cavities  will  de- 
velop into  two  water*tubes,  on  one  of  which  the  back  of  the  star- 
fish, that  is,  its  upper  surface,  covered  with  spines,  will  be  devel- 
oped, while  on  the  other,  the  lower  surface,  with  the  suckers  and 


Fig.  «8. 


Fig.  89. 


Fig.  90. 


Fig.  91. 


Egg  of  Starfish. 


Segmentation  of  jolk,* 


Free  Bwim- 
minggBrm. 


Fig.  93. 


Fig.  03. 


Fig.  95. 


The  same, 
older. 


Montb  of  Gaatrula.     d 


Gastmla. 


e 
Larva. 


tentacles,  will  arise.  At  a  very  early  stage  one  of  these  water 
tubes  (to'  Figf  96)  connects  witii  a  smaller  tube  opening  outwards, 
which  is  hereafter  to  be  the  madreporic  body  (&,  Fig.  96).  Almost 
until  the  end  of  its  growth,  these  two  surfaces,  as  we  shall  see, 
remain  separate  and  form  an  open  angle  with  one  another ;  it  is 
only  toward  the  end  of  their  development  that  they  unite,  enclos- 
ing between  them  the  internal  organs,  which  have  been  built  up  in 
the  meanwhile. 

^'At  about  the  same  time  with  the  development  of  these  two 
pouches,  so  important  in  the  animal's  fhture  history,  the  digestive 
cavity  becomes  slightly  curved,  bending  its  upper  end  sideways 
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till  it  meets  the  outer  wall,  and  forms  a  jiinction  with  it  (m,  Fig. 
97 ;  o,  digestive  cavity).  At  this  point,  where  the  Juncture  takes 
place,  an  aperture  is  presently  formed,  which  is  the  true  mouth. 
The  digestive  sac,  which  has  thus  far  served  as  the  only  internal 
cavity,  now  contracts  at  certain  distances,  and  forms  three  dis- 
tinct, though  connected  cavities  as  in  Fig.  96,  viz.,  the  oesoph- 
agus leading  directly  firom  the  mouth  (m)  to  the  second  cavity  or 
8tomach-(<()v  whieh  opens  in^  its  turn  into  the  third  cavity,  the  ali- 
mentary caaaL  Meanwhile  the  water-tubes  have  been  elongating 
till  they  now  surround  the  digestive  cavity,  extending  on  the  other 
side  of  it  beyond  the  mouth,  where  they  unite,  thus  forming  a 


rig.  98. 


FIR.  98.  yi^.gy. 


m 

Uf 

b 

V 

d 

a 

Proflle  view  of  Lnrva. 

Lurva. 

«•  d 

0 

Laira  with  arms  developing. 


Y-shaped  tube,  narrowing  at  one  extremity,  and  dividing  into  two 
branches  toward  the  other  end.  Fig.  98.* 

^^Ou  the  surface  where  the  mouth  is  formed,  and  very  near  it  on 
either  side,  two  small  ones  arise,  as  v  in  Fig.  95^;  these  are  cords 
consisting  entirely  of  vibratile  cilia.  They  are  the  locomotive  or- 
gans of  the  young  embryo,  and  they  gradually  extend  until  they 
respectively  enclose  nearly  the  whole  of  the  upper  and  lower  half 
of  the  body,  forming  two  large  shields  or  plastrons  (Figs.  98, 99). 
The  corners  of  these  shields  project,  slightl}'  at  first  (Fig.  98), 
but  elongating  more  and  more  until  a  number  of  arms  are  formed, 
stretching  in  various  directions  (Figs.  99, 100)^  and,  b}'  their  con* 

s  Fig.  96  a,  anna;  e,  IntestlDe;  e'  c"  tf**  e*  «>  ^,  arms;  o..  oaopbagna. 

•  Figs.  M,  100,  aide  riew  of  99.  Adalt  lanra,  acMsalled  Bracliiolarla,  lettering  the  82«me 
in  all  the  flgures;  t,  tentacles  of  young  starfish;  //,  brachiolar  appendages;  r,  back  of 
young  starilsb.   Fig.  101,  f,  odd  tentacle. 
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stant  upward  and  downward  play,  moving  the  embryo  about  in  the 
water"  (A.  Agassiz). 

Having  reached  tlie  Brachiolaria  stage,  the  body  of  the  future 
starfish  begins  to  devel<»p.  On  one  of  the  water-tubes  (w')  the 
tentacles  of  tlie  future  starfish  arise  as  a  series  of  lobes  {t) ;  while 

Fig.  99. 

/  r 


w* 


r  «         to*  e'" 

Full  gi*own  larva  of  Starfisli,  or  Brachiolaria. 

on  the  opposite  water-tube  (to),  arise  a  number  of  little  calcare- 
ous rods,  which  afterwards  form  a  continuous  net-work ;  r  indi- 
cates the  back  of  the  young  starfish.  The  larva  now  shrinks  and 
drops  to  the  bottom  and  attaches  itself  there  b}*  means  of  the 
short  arms  (//'  Fig.  99).    The  starfish  now  absorbs  the  larva,  and 
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^pears  of  an  oval  form  with  a  crenulated  edge,  and  soon  reaches  a 
stage  indicated  by  Fig.  101.    (Fig.  102,  the  same  seen  in  profile). 

In  this  stage  it  remains  probably  two  or  three  yeai*8  before  the 
arms    lengthen    and    the  Fig.ioo. 

adult  form  is  assumed.  f  f         ^ 

The  development  of  the 
Ophiurans  is  much  like  that  ^^ 

of  the  starfish,  with  some 
characters  of  the  embryo 

sea  urchin.     The  larva  of    ^'  ^' 

the   sand    star  (Ophiura) 
is  called  a  Pluteus,  and  is 

remarkable  for  the  great  «• 

length  of  two  of  the  arms. 

Development  of  the  Echi-  to* 

noids.    The  researches  of    m 
Mr.  A.  Agassiz,  who  has 
given  us  a  very  complete     ^ 
hietor}'  of  the  common  sea 
urchin    of     the    northern  * 
shores  of  the  United  States 

in   his   "  Revision  of   the  «" 

Echini,"  will  be  our  guide 
in     these    studies.       The      t 
earlier  stages  of  develop- 
ment   were    obtained    b}'  r 
artilficial     fecundation     of 
the  egg  during  February. 
The     early    embryonic 
stages  are  much   as  des- 
cribed in  the  starfishes,  the                                    e' 
process  requiring  but  a  few                    *'*«• «» '"^'^  *«*  *^~^*^- 
hours.    The  embi^o  when  hatched  is  like  that  of  the  starfish  at 
the  same  period  (Fig.  91)  and  then  it  passes  into  the  gastrula 
stage  (Fig.  104,  lettering  the  same  in  all  the  figures  as  in  those  of 
the  starfish)  the  digestive  cavity  being  formed  by  an  inversion  of 
the  ectoderm.    ^^The  embryo,  in  escaping  from  the  egg,  resembles 
a  starfish  embryo,  and  it  would  greatly  puzzle  any  one  to  perceive 
any  difi*erence  between  them.    The  formation  of  the  stomach,  of 
the  GBsophagus,  of  the  intestine,  and  of  the  water  tubes  takes 
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place  in  exactly  the  same  manner  as  in  the  starfish,  the  time  only 
at  which  these  different  organs  are  differentiated  not  being  the 
y.    j^  same.    In  figure  105  we  see  the  begin- 

ning at  w  and  to'  of  the  water  tabes 
arising  as  pouches  sent  off  from  the  di- 
gestive cavity,  and  T-shaped  rudiments 
of  the  limestone  rods  (r),  so  character- 
istic of  the  larva  of  the  sea  urchin  are 
,  jiow  visible." 
common  sea  urcwn  (Echinus).        ^.^    ^^g  represents  the  larva  well 

advanced  towards  the  phiteu^  stage.  It  is  now  in  the  tenth  day 
after  fecundation;.^  The  arms  are  now  well  marked,  and  the  ^'vi- 
bratile  epaulettes"  appear.    When  the  larva  is  twenty-three  days 

Fig.  101. 


Fig.  108. 


Toang  Starflsb  seen  in  proflle. 


t' 
YouBg  SCarflsb  seen  from  the  bapk. 

old,  the  rudltnents  of  the  five  tentacles  of  the  sea  urchin  appear, 
the  first  one  on  the  left  water  tube.  The  arms  have  increased  in 
length,  until  in  the  full-grown  larva,  now  calle4the  pluteus  (Figs. 
107, 108,  the  same  seen  sidewise)  the  arms  with  the  calcareous  rods 
supporting  them  are  of  great  length,  opening  and  shuttinglike  the 
rods  of  an  umbrella;  while  the  sea  urchin  growing  within  has 
concealed  the  shape  of  the  digestive  cavity  of  the  larva,  and  the 
spines  are  so  large  as  to  conceal  the  tentacles. 

«  Fig.  106,  e-e>*  arms;  v-v' ,  TibratUe  chorcU>  to*,  eariets,  water  tubes;  a  ode,  dlgefltiye 
system;  r^'"  solid  rods  of  the  arms;  m,  month;  6,  madreporio  opening.  Fig.  107,/, 
bractailar  appendages. 
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The  pluteus,  a  nomadic  stagQ  of  the  eohinus,  is  as  Mr.  A. 
Agassiz  states  ^*  a  scaffolding  in  which  the  Aitnre  sea  urchin  plays 
but  a  secondary  part,  and  is  composed  of  two  open  spirals,  the 
one  to  form  eventually  the  complicated  abactinal  system  (the  in- 
terambulacral  and  ambalacral  plates),  the  other  to  form  the  water 
systen,  «Bd '  inMhig  between  tbem  the  digeg^ve  cavity  and 
other  organs  of  the  pluteus,  which  as  yet  appear  to  have  no  con- 
nection whatever  with  the  spines  of  the  fhture  Echinus.  Yet  to- 
wards the  end  of  the  nomadic  pluteus  life  a  few  hours  are  sufficient 
to  resorb  the  whole  of  the  complicated  scaffolding,  which  has  been 
the  most  striking  feature  of  the  Echinoderm,  and  it  passes  into 


Fig.  106. 


^««^-^^-  Fl.M(tt. 


Deveiopmenl  of  the  Flntem  pf  the  Sea  Urchin. 

something  whicfa,'it  is  true,  we  could  tiardly  Tecognize  as  an 
£clunns,yet  has*  apparently  nothing  in  common  with  its  former 
condition." 

From  this  time  the  body  of  the  pluteus  is  absorbed  by  the 
growing  seai^nrchin ;  the  spines  and  suckers  of  the  latter  increasing 
in  siae  and  number  with  age,  and  by  the  time  the  larval  body  has 
disappeared  the  young  Echinus  is  more  like  the  adult  than  the 
starfish  at  the  same  period  in  life.  Fig.  109  (^,  tentacles;  a'V, 
spines)"  represents  the  sea  urchin  very  soon  after  the  resorption  of 
the  pluteus. 

In  after  life  the  young  sea  urchin  with  its  few  and  large  spines 
resembles  Cidaris  and  a  number  of  allied  forms,  shovdng  that 
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these  genera,  which  appeared  earlier  geologically  than  our  common 
Echinus  (Fig.  108,  Strongylocentrotus  Dr6bachiensi6)^  are  lower  in 
development. 

Development  of  the  Holothuroids.    Of  the  development  of  our 

Pig.  107. 


Plotcas  of  the  Sea  Urchin. 


native  sea  cucumbers  our  knowledge  is  exceedingly  fragmentary, 
and  for  nearly  all  that  we  do  know  of  the  mode  of  growth 
of  these   animals  in   general,  we   are   indebted    to   the   elabo- 
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rate  reaearches  of  the  dibtlngnished  J.  Miiller.    He  figures  the 
earHest  stage  of  Uie  larval  Holothurian,  which  he  calls  an  "  Auric- 
nlaria*"    The  course  of  de- 
velopment is  much  as  in 
the  starfishes.  The  earliest        | 
stage     known     resembles 
that  of  the  starfish  repre- 
sented by  Fig.  93.   It  then 
passes  through  a  stage  re- 
presented by  Fig.  96,  when 
the  mouth  and   digestive 
tract  is  formed,  and  again 
a  stage  analogous  with  Fig. 
98.    The  Aurieulai-ia  wlicn 

fully  grown,  is  cylindrical,  ^ 

annulated,    with    four  or  Z 

five  bands  of  cilia,  usually  S  ^ 

with  car-like   projections,  ^  > 

whence  its  name  Auricu-  a 

laria.    Before  it  becomes  fa 

fully  formed  the  young 
Holothurian  begins  to 
grow  near  the  side  of  the 
lar^'al  stomach,  the  cal- 
careous crosses  appear 
and  the  tentacles  of  the 
ftitnre  Holothurian  bud 
out.  The  ear-like  projec- 
tions disappear,  the  Auri- 
cularia  becomes  cylindri- 
cal, and  is  now  called  the 
**  pupa.**    The  Auricularia 

is  gradually  absorbed  and  the  young  Holothurian  strikingly  re- 
sembles a  worm.  In  this  pupa  stage,  in  certain  transparent 
forms  observed  by  Miiller,  the  intestine  of  the  embryo  Holothurian 
could  be  observed  twisted  on  itself,  with  the  mouth  surrounded  by 
tentacles.  The  only  observations  published  on  our  native  Holo- 
thurians  are  those  of  Mr.  A.  Agassiz,  on  Cuvieria,  our  large  red, 
heavily  plated  sea-cucumber,  which  inhabits  stony  bottoms  in  deep 
water.  The  young  are  of  a  brilliant  vermilion.  In  the  earliest 
stage  observed  by  Mr.  Agassiz  (Fig.  110  ly  ^^pupa ;"  ^,  tentacles) ; 
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the  "papa"  or  second  form  of  the  Anricularia  is  very  large  and 
the  tentacles  do  not  project  beyond  the  body,  as  they  afterwards 
do  (Fig.  Ill)  when  the  Auncularia  is  nearly  absorbed  b}'  the  grow- 
ing Holothorian.  In  a  succeeding  stage  the  tentacles  begin  to 
branch,  where  before  they  were  simple  and  knobbed.  At  this  time 
the  oesophagus,  stomach,  intestine  and  anus  are  developed,  and 
there  is  a  ring  of  limestone  rods  and  crosses  around  the  mouth. 
The  madreporic  body  (6)  Itae  not  yet  been  drawn  within  the  body« 

Fig.  103. 


The  young  Echioue. 

Finally,  the  Auricularia  beconaes  wholly  absorbed,  the  tentacles 
are  much  branched  and. capable  of  retraction  within  the  body ;  the 
tegument  secretes  limestone  plates,  the  suckers  are  developed  in 
the  ambulacral  rows  and  the  adult  form  is  attained  without  import- 
ant changes.  Fig.  88  represents  a  common  sea-cucumber  of  our 
coast. 

Some  holothurians,  as  well  as  starfishes  and  ophinrans,  as  ol>> 
served  by  Mr,  A.  Agassiz,  undergo  their  larval  (t*.  e.,  Plntens, 
Brachiolaria  and  Auricularia)  phases  of  development  above 
described  without  leaving  the  parent,  in  poucliea  held  over  the 
mouth  of  the  parent,  making  their  escape  in  a  form  approaching 
that  of  the  adult. 


Digitized  by  VjOOQIC 


MODE  OP  GROWTH  OF  THE  BAIHATE8.  239 

MetschnikofT  has  made  some  valuable  eomparisonB  between  the 
ciliated  embryos  of  the  CcBlenterates  and  Echinoderms,  and  shows 
that  the  primitive    bodj'-cavity  of  «   ^    ^^^ 

the  former  is  not  homologous  with 
the  peritoneal  cavity  (».  e,j  the  space  ' 
in  which  the  digestive  canal  hangs) 
of  the  Echinoderms.  He  also  shows 
that  while  the  primitive  body  cavity 
of  the  Ccelenterates  remains  perma- 
nently as  the  digestive  tract ;  in  the 
Echinoderms  it  is  temporary  and 
embryonic  Metschnikoff,  on  embry- 
ological  grounds  (a  view  which  the 
structure  of  the  adult  animals  con- 
firms), thinks  that  there  is  the  same 
similarity  between  the  Coelenterates 
(Acalephs  and  Ctenophorse)  and 
Echinoderms,  as  between  the  higher 
worms  (Hirudineae,  Gephyrea  and 
Annelides),  and  the  Crustacea  and 

Insects.  Larva  of  Cavleria. 

Reproduction  by  fission  as  in  the  Actiniee  and  jelly  fishes  very 
rarely  occurs  in  the  Echinodarms.     An  Ophiuran  deprived  of  all 
ng.m.  ng.iii. 


D6r<;!opment  of  a  Holotimilan  (Cuvierin). 

its  arms  will  reproduce  them  by  budding,  and  Liitken  shows  that 
certain  starfishes  divide  in  two  spontaneously,  having  three  arms 
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on  one  side  and  three  on  the  other,  while  the  disk  looks  as  if  it 
had  been  cut  in  two  by  a  knife,  and  three  new  arms  had  then  grown 
out  fi*om  the  cut  side. 

£chinoderms  as  a  rule,  then,  are  reproduced  alone  by  eggs  and 
sperm  cells.     After  fertilization  of  the  egg  they  pass  through : 

1 .  Morula  stage. 

2.  Gastrula  stage. 

8.  A  larval,  temporary  stage  (Pluteus,  Brachiolaria,  Auricu- 
laria).  * 

4.  The  Echinoderro  grows  from  a  water  tube  of  the  larva, 
finally  absorbing  the  latter,  whose  form  is  often  materially 
changed  during  the  process.  It  thus  undergoes  a  true  metamor- 
phosis, in  a  degree  comparable  with  that  of  some  inseets. 
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The  Geological  Subvet  of  Missouri. — We  have  too  long  de- 
layed our  notice  of  the  two  r  octavo  volumes  fVom  the  geological 
survey  of  Missouri,  which,  though  bearing  the  date  of  1873,  were 
not  distributed  till  1874.  The  first  of  these  is  a  collection  of  re- 
ports from  1855  to  1871,  by  Messrs.  Brodhead,  Meek  &  Shumard, 
and  the  second,  the  results  of  the  work  of  1872,  is  devoted  to  the 
iron  and  coal  deposits  of  the  state.  Of  these  the  former  are  de- 
scribed by  Dr.  Adolph  Schmidt,  and  the  latter  by  Mr.  Brodhead ; 
in  addition  to  which  the  late  director.  Prof.  Raphael  Pumpelly,  has 
prefixed  an  important  chapt^  on  the  geology  of  the  Pilot  Knob 
district,  and  its  iron  ores,  fh>m  which,  and  from  the  copious  de- 
scriptions of  Dr.  Schmidt,  we  gather  a  pretty  complete  account  of 
this  extremely  curious  region.  Rising  above  the  floor  of  horizon- 
tal palaeozoic  deposits,  the  dd  Magneaiau  limestone  of  Swallow,  a 
member  of  a  group  of  strata  supposed  to  correspond  to  the  Pots* 
dam  of  New  York,  appear  numerous  hills  of  crystalline  rock,  de- 
scribed as  exposed  portions  of  the  skeleton  of  the  eastern  part  of 
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the  Ozark  Mountains ;  which  formed  an  archipelago  in  the  palaeo- , 
zoic  sea,  and  are  now  ft-om  300  to  700  feet  above  the  limestone  at 
their  base.  The  Pilot  Knob  gronp  includes  four  of  these,  and  the 
Iron  Mountain  is  another  and  distinct  mass.  All  of  these  consist 
wholly  or  In  part  of  quartziferous  porphyry  or  orthophyre,  but  in  the 
vicinity  of  these  porphyry  hills  are  others  composed  of  granites, 
often  chloritic  or  hornblendic,  some  of  them  capped  by  the  porphyry 
which  is  considered  as  a  newer  rock,  and,  it  is  suggested  by  Pum- 
pelly  may  be  the  youngest  member  of  the  Eozoic  (Archeean)  rocks 
of  the  region.  He,  however,  adds  in  a  note  that  the  red  granites 
may  be  an  exception  to  this  supposed  rule.  These  porphyries  pre- 
sent some  considerable  variations  in  character,  but  may  be  described 
as  having  a  fine  grained  compact  base  or  matrix  with  conchoidal 
iVacture,  composed  of  an  intimate  mixture  of  feldspar  and  quartz, 
in  which  are  generally  disseminated  small  crystalline  grains  of  vit- 
reous quartz^  and  crystals  of  pink  or  white  feldspar,  generally  tri- 
clinic.  The  colors  of  this  rock  are  various  shades  of  yellow,  red, 
gray,  brown  and  black,  and  it  is  often  banded  in  its  structure, 
sometimes  exhibiting  thin  layers,  occasionally  with  alternations 
of  quartz,  in  addition  to  which,  according  to  Pumpelly,  it  is  strat- 
ified on  an  immense  scale.  Epidote,  chlorite  and  a  steatitic  min- 
eral occasionally  occur  in  it,  and  magnetic  and  specular  iron  ores 
are  often  disseminated  through  the  mass.  To  those  familiar  with 
the  geology  of  our  eastern  coast  it  is  only  necessary  to  say  that 
these  porphyries  seem  to  be  identical  with  those  of  Lynn,  Saugus, 
Marblehead  and  Newburyport^  M^sachusetts,  which  are  traced 
thence  along  the  coast  of  Maine  and  New  Brunswick,  and  are  well 
developed  about  Passamaquoddy  Bay,  where  they  occasionally 
contain  small  deposits  of  icoo.ore*.  These  porphyries  have  already 
been  compared  by  Hunt  with  those  of  Missouri  and  with  similar 
ones  on  the  noith  shore*  of  Lake  Superior*  As  seen  on  the  coast 
of  New  Brunswick,  they  are,  according  to  him,  intimately  associ- 
ated and  interstratified  with,  schistose  rocks,  supposed  to  be  of 
Huronian  age.* 

At  Pilot  Knob,  the  excavations  iYi  the  ore^lbposit  have  exposed 
a  considerable  section  of  the  strata,  which  dip  at  a  moderate  angle 
to  the  southwest,  and  consist  at  the  base  of  several  varieties  of 
banded  porphyry,  one  of  these  containing,  iron,  ore  in  grains  and 

1 T.  Sterry  Hunt,  Ctaemtoal  and  Geological  B08afB^[)..187 
AM]CB.  NATUIUW3T,  VOLc  IX..  L6 
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in  streaks.  Above  these  lies  a  thin  layer  of  clay  slate,  followed  by 
a  great  mafes  of  bedded  iron  ore  (about  forty  feet)  divided  into 
two  parts  by  a  layer  of  a  few  feet  of  clay  slate,  talcose  in  parts. 
The  upper  portion,  which  is  thin-bedded  and  flag-like,  is  less  pure 
than  the  lower,  containing  a  considerable  admixture  of  silicious 
matter,  and  is  overlaid  by  about  100  feet  of  well-bedded  conglom- 
erate rock,  consisting  of  pebbles  or  more  or  less  angular  fragments 
of  porphyry  and  gray  quartz,  in  a  matrix  of  granular  iron  ore,  occa- 
sionally with  grains  of  quartz  and  a  soft  clayey  matter.  In  the 
lower  part  of  this  the  conglomerate  character  is  less  obvious,  and 
it  appears  to  be  a  uniform  ore-bearing  porphyry  with  thin  layers  of 
fine  conglomerate.  The  iron  oxyd  is  essentially  hematite  or  per- 
oxyd,  but  the  rock  possesses  a  decided  magnetic  polarity.  While 
the  great  deposit  of  ore  is  here  newer  than  the  porphyry,  and  seems 
to  be  the  cement  of  a  conglomerate  made  up  of  the  ruins  of  this 
rock,  it  is  found  in  the  Iron  Mountain  dn  this  region,  in  veins  in- 
tersecting a  clayey  material,  which  is  nothing  but  the  porphyry  de- 
composed in  situ.  In  a  deeper  cutting,  however,  the  hard  unaltered 
porphyry  has  been  met  with.  Prof.  Pumpelly  calls  attention  to 
several  curious  phenomena  dependent  upon  the  decay  of  the  crys- 
talline rocks  in  this  region.  In  some  cases  partial  decomposition 
of  the  granites  has  left  at  their  outcrop  great  polygonal  rounded 
blocks,  often  hundreds  of  tons  in  weight.  Elsewhere,  the  chloritio 
granites  for  fifty  feet,  and  probably  for  many  times  that  depth,  are 
completely  disintegrated  and  decomposed.  In  the  case  of  the  de- 
cayed porphyry  of  the  Iron  Mountain,  the  effect  of  the  atmospheric 
watei*s  upon  this  mass,  ^'part  iron  and  part  clay,"  has  been  to  re- 
move the  latter,  so  that  when  the  mountain  was  first  examined,  it 
exhibited  a  layer  of  firom  four  to  twenty  feet  or  more  in  thickness, 
of  rounded  masses  and  grains  of  pure  compact  red  hematite  or 
specular  ore,  with  .v«ry  little  clay.  This  residual  detritus,  as  re- 
marked by  Pumpelly,  represents  a  great  amount  of  porphyry  de- 
composed and  removed  since  the  ore-veins  bear  but  a  small  pro- 
portion to  the  whole  mass  of  the  rock.  In  the  sediments  around 
the  base  of  the  mountain  are  large  stratified  accumulations  of  sim- 
ilar detrital  ore,  which  were  washed  down  the  slope  and  ^'  concen- 
trated by  the  waves  of  the  Silurian  ocean,"  thus  showing  the  great 
antiquity  of  this  process  of  decay. 

The  ore  at  Cedar  Hill  near  Pilot  Knob  is  compact,  holding 
grains  of  limpid  quartz,  and  has,  according  to  Pumpelly,  the  as- 
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pect  of  a  porphyry,  in  which  the  whole  matrix  has  been  replaced 
by  iron  ore.  This  forms  irregular  masses  in  ordinary  porphyry, 
which  in  other  localities  contains  tron  ores  highly  manganesian,  and 
even  deposits  of  nearly  pure  oxyd  of  manganese.  Crystals  of  or- 
thoclase,  feldspar  and  grains  of  quartz,  are  found  imbedded  in  a 
compact  manganese  ore,  which,  according  to  Pumpelly,  may  be 
supposed  to  have  replaced  the  matrix,  leaving  the  crystalline  ele- 
ments intact,  while  in  other  portions  the  replacement  has  been 
complete,  manganese-oxyd  taking  the  place  of  the  grains  of 
quartz,  and  the  feldspar  crystals.  With  these  manganiferous  por- 
phyries is  associated  carbonate  of  limcf  sometimes  forming  layers 
of  pink  and  greenish  cry^stalline  limestone  several  inches  in  thick- 
ness, interlaminated  with  a  schistose  jaspery  or  porphyroid  rock. 
To  account  for  these  various  associations.  Prof.  Pumpelly  suggests 
two  hypotheses,  the  one  that  the  porphyry,  both  matrix  and  in- 
cluded crystals,  may  have  been  replaced  by  oxyd  of  iron  or  of 
manganese,  and  the  other  that  the  parent  rock  may  have  been  a 
limestone,  parts  of  which  were  changed  into  ore  by  a  similar  re- 
placement, "  while  the  porph^Ty  now  surrounding  the  ores  may  be 
due  to  a  previous,  contemporaneous  or  subsequent  replacement  of 
the  lime-carbonate  by  silica  and  silicates."  The  important  fact  is 
noted  that  chemical  analysis  shows  that  the  remaining  porphyry, 
intimately  associated  with  the  ore,  has  undergone  no  change,  but 
retains  its  normal  constitution. 

The  ore-deposit  of  Iron  Mountain  is,  according  to  Dr.  Schmidt, 
a  great  irregular  vein  of  specular  ore,  more  or  less  split  up,  and 
including  masses  of  wall-rock,  but  accompanied  by  numerous 
smaller  veins.  He  supposes  the  ore  to  have  been  deposited  in  fis- 
sures in  the  unaltered  porphyry,  which  was  further  cracked  and 
fissured  by  the  crystallization  of  the  ore,  while  this  was  itself  sub* 
eequently  broken  by  the  contraction  and  the  decomposition  of  the 
porphyry ;  in  fact,  the  angular  fragments  of  ore  in  the  latter  can  • 
scarcely  be  otherwise  explained.  The  writer  can,  A^om  his  qwq 
observations,  bear  witness  to  the  careful  statements  of  facts  in 
the  case  of  these  curious  ore-deposits  as  given  in  the  present  vol* 
ame,  and  aflSrm  that  the  singular  perplexity  of  the  phenomena  at 
the  Iron  Mountain  can  scarcely  be  better  described  or  explained 
than  has  been  done  by  Pr.  Schmidt.  As  regs^rds  the  origin  of 
the  ore-deposits  Dr.  Schmidt  considers  the  various  hypotheses  gf 
igneous  ii^jection,  of  sublimation  and  9f  segregation,  and  rejects 
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them  in  tuni,  in  favor  of  that  of  aqueous  deposition  from  infiltra- 
ting waters.  The  ores  at  Shepherd  Mountain  are  similar  vein- 
deposits,  but  the  porphyry  is  here  seen  in  an  undecayed  state. 

As  regards  the  very  unlike  deposits  of  Pilot  Knob,  Dr.  Schmidt 
accepts  the  first  hypothesis  of  Prof.  Pumpelly,  and  supposes  that 
solutions,  similar  to  those  which  deposited  the  ore  in  the  fissures  of 
the  porphyries  elsewh^e,  have  here  eflfected  the  conversion  of  the 
porphyry  into  ore.  It  is,  as  be  admits,  difficult  to  explain  in  this 
view,  the  removal  of  the  resulting  silicate  of  alumina,  and  not 
less  difficult  to  explain  the  removal  or  replacement  of  the  quartz, 
as  supposed  by  Pumpelly.  When  we  consider  that  iron  oxyds  are 
frequ^xt  elements  in  gneissic  and  other  crystalline  rocks,  and  that 
they  haxe  been  directly  deposited  in  later  sedimentary  formations, 
it  will  seem  to  many  simpler  to  accept  the  hypothesis  that  these 
iron  and  manganese  oxyds  in  the  porphjTies  and  conglomerate 
beds,  instead  of  having  come  fVom  the  replacement  cither  of  feld- 
spar and  quartz  or  of  carbonate  of  lime,  may  have  been  deposited 
as  we  now  see  them. 

Besides  these  ores  associated  with  the  Eozoic  rocks.  Dr.  Schmidt 
describes  several  other  classes  of  iron-ore  deposits,  one  of  the 
most  interesting  of  which  occurs  in  the  sandstones  immediately 
above  the  Sd  Magnesian  limestone  above  named,  and  often  fills 
small  basins  or  excavations,  ii)  this  sandstone,  nearly  vertical  walls 
of  which  are  seen  to  limit  the  ore-deposit.  The  ore  in  these  is 
stratified,  and  is  often  both  overlaid  and  underlaid  by  beds  of  clay, 
flint  and  broken  sandstone,  and,  it  is  suggested,  may  have  been  de- 
posited in  cavities  produced  by  a  subsidence  of  the  strata  into 
caverns  in  the  limestone  beneath.  The  ore  is  sometimes  specular 
red  hematite,  and  at  other  times  limonite,  occasionally  also  mag- 
netite, and  sometimes  includes  rounded  masses  of  ferruginous  lime- 
stone with  crystals  of  iron-carbonate.  This  association  leads  Dr. 
Schmidt  to  suggest  as  an  alternative  hypothesis,  that  these  deposits 
may  have  been  formed  by  the  transmutation  of  limestone  deposits 
previously  occupying  these  basins.  To  this  class  belong  the  ores 
of  the  Merramec  district. 

In  the  Carboniferous  series  again,  deposits  of  red  hematite  ore 
occur  in  sandstone,  forming  nodular  or  concretionary  masses  or 
regular  beds.  In  one  locality  also,  we  have  here  described  a  large 
x^aven)  or  sink  in  the  Receptaculite  limestone  at  the  summit  of  the 
Tr^ntQi)}  io  wbich  occur  stratified  layers  of  hematite  and.  limonite, 
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with  more  or  less  heavy  spar,  the  whole  capped  by  a  bed  of  crys- 
talline heavy  spar,  including  galena.  The  3d  Magnesian  limestone 
is  also  metalliferous,  and  holds  in  drusy  cavities  crystals  of  pyrite 
and  chalcopyrite.  It  sometimes  contains  more  than  the  proportion 
of  magnesian  carbonate  required  to  form  dolomite,  a  not  very 
common  circumstance. 

The  coal  measures  of  the  state,  belonging  chiefly  to  the  great 
western  coal-field,  and  occupying  an  area  of  nearly  23,000  square 
miles,  are  described  by  Mr.  Brodhead  with  much  detail.  The 
coal  seams  are  generally  thin,  though  some  in  the  lower  measures 
occasionally  attain  four  feet.  Their  local  value  is  very  great 
fVom  the  scarcity  of  wood,  and  we  are  told  in  one  place  of  a  seam 
of  from  ten  to  fourteen  inches  which  is  wrought,  the  coal  being 
sold  at  the  mine  for  twenty  cents  a  bushel.  In  regions  where  the 
product  commands  so  high  a  price  even  small  seams  are  precious. 
The  cpal  deposits  of  Lincoln  county  in  the  eastern  part  of  the 
state,  belong,  unlike  those  just  referred  to,  to  the  central  or  Illinois 
field,  and  present  the  unusual  character  of  detached  basins  of  coal, 
sometimes  twenty-five  feet  in  thickness,  with  little  or  none  of  the 
usually  accompanying  strata,  occupying  depressions  or  previously 
excavated  basins  in  the  Lower  Carboniferous  limestone.  These 
basins  are  very  limited  in  extent,  and  have  but  a  local  importance. 

The  discussions  of  the  various  points  with  regard  to  the  eco- 
nomic geology  of  the  state,  the  chemical  investigation  of  its  iron 
ores,  and  the  valuable  appendix  or  investigations  on  the  strength 
of  building  materials,  all  of  which  show  good  and  thorough  work 
alike  for  science  and  for  the  material  advancement  of  the  state, 
would  occupy  too  much  of  our  space.  Since  the  regretted  resigna- 
tion of  Prof.  Pumpelly,  on  account  of  ill  health,  the  direction  of 
the  survey  has  been  confided  to  Mr.  Brodhead,  whose  report  for 
1873,  we  have  just  received  and  shall  soon  notice.  The  beautifhl 
atlas  of  maps  which  accompanies  the  report  of  1872  should  not 
pass  unnoticed.  These  maps  are  fi*om  the  establishment  of  Mr. 
Julius  Bien  of  New  York,  who,  by  the  admirable  style  of  his 
work,  has  put  all  students  of  geology  and  geography  under  obli- 
gations to  him. — T.  S.  H. 

Relation  of  BsmsH  Wild  Flowers  to  Insects.^ — The  author 
prefaces  his  little  work  with  the  information  that  his  observations 

1  Ob  British  Wild  Flowers  considered  in  Relation  to  Insects.  By  Sir  John  Lnbbock. 
Nitnre  Series.  With  nameroaf  Ulastrations,  London,  Macniillan  A  Co.  IStaio.  pp. 
}79.    1875.    Price  flJW. 
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and  notes  on  this  subject  were  originally  prepared  with  the  view  of 
encouraging  in  his  children  that  love  of  natural  history  from  which 
he  himself  had  derived  so  much  happiness.  A  child  can  readily 
understand  the  happy  and  clear  exposition  of  the  subject  con- 
tained in  the  pages  of  this  most  attractive  book.  And  this  is  the 
way  naturfll  history  should  be  presented  to  children.  It  leads 
them  to  take  at  once  a  lively  interest  in  the  doings  of  insects  and 
plants,  and  is  worth  far  more  than  formal  introductions  to  zoology, 
just  as  one  can  learn  more  by  watching  the  actions  of  a  live  bee  or 
the  growth  of  a  plant,  than  by  the  inspection  of  dried  specimens. 
Children  of  maturer  growth  will  be  startled  and  set  thinking  by 
some  of  the  conclusions  of  Sprengel,  Darwin,  Hermann  Miiller 
and  our  author.  For  example,  we  are  told  that  to  bees  and  other 
insects  "  we  owe  the  beauty  of  our  gardens,  the  sweetness  of  our 
fields.  To  them  flowers  are  indebted  for  their  scent  and  colour ; 
nay,  for  their  very  existence,  in  its  present  form.  Not  only  have 
the  present  shape  and  outlines,  the  brilliant  colours,  the  sweet 
scent  and  the  honey  of  flowers,  been  gradually  developed  through 
the  unconscious  selection  exercised  by  insects ;  but  the  very  ar- 
rangement of  the  colours,  the  circular  bands  and  radiating  lineSf 
the  fotm,  size  and  position  of  the  petals,  the  relative  situations  of 
the  stamens  and  pistil,  are  all  arranged  with  reference  to  the  visits 
of  insects,  and  in  such  a  manner  as  to  insure  the  grand  object 
which  these  visits  are  destined  to  eflTect."  The  facts  tending  to 
substantiate  these  conclusions  are  presented  by  word  and  picture. 
We  are  confident  that  books  like  these  are  destined  to  revolu- 
tionize the  study  of  biology  in  our  schools. 

Elements  op  Magnetism  and  Electricitt.^ — This  compact 
little  manual  like  the  '^Pnnciples  of  Metal  Mining,"  is  an  English 
reprint.  It  is  printed  with  the  object  of  aiding  students  to  pass 
''  in  the  first  class  in  elementary  stage  of  the  government  science- 
examinations."    It  will  be  a  usefhl  reprint  in  this  country. 

BOTANY. 

Geographical  Distribution  op  North  American  Ferns. — 
An  interesting  paper  on  this  subject  by  Mr.  J.  H.  Redfield  ap- 
pears in  the  Bulletin  of  the  Torrey  Bot^ical  Club.  The  last  vol- 
ume contains  an  excellent  photograph  of  the  late  Prof.  Torrey. 

1  Elements  of  Magnetism  Aud  Electricity,  etc.  By  John  AngeU.  VTith  120  Ulastro- 
tions.  New  York,  G.  P.  Putnam's  Sons.  8?o,  pp.  176.  Price  75  cents.  For  sale  by  A. 
A.  Smith  A  Co.,  Salem,  Mass. 
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Flight  of  Vanessa  Antiopa,  Feb.  16th.— This  aftenlooti  one 
of  our  visitors  saw  a  butterfly  fluttering  iii  the  air.  In  a  few 
moments  it  lit  on  the  snow,  and  he,  going  to  it,  found  it  chilled  4 
and  brought  it  to  me.  The  speciifien  answers  in  appearance 
to  Vanessa  Antiopa.  The  insect  has  been  flying  about  a  warm 
room  this  afternoon. 

Considering  the  intensity  of  the  cold  for  the  past  six  weeks, 
and  the  fact  that  even  to-day  the  thermometer  has  not  marked 
26^,  and  not  a  suspicion  of  dripping  even  on  the  south  side  of  the 
house,  I  have  considered  the  incident  worth  relating  to  you. — 
E.  Lewis  Stdrtevant,  So.  Framingham^  Mass.,  Feb.  16,  1875. 

Snails  in  Winter.  —  S.  Clessin  describes  the  habits  of  snails 
during  the  winter,  their  burying  in  the  ground,  often  in  crowds,  the 
formation  of  the  epiphragm,  the  interruption  in  the  growth  of  the 
shell,  etc.  He  thinks  that  slugs  and  fresh-water  snails  are  less 
sensible  to  the  influence  of  season,  hiding  themselves  later  in  au- 
*tnmn,  and  coming  forth  earlier  in  spring  than  Helix  and  that 
young  specimens  are  less  sensible  than  older  ones.  C.  B.  Ver- 
Regensb  (xxxi,  pp.  114-130). — Zoological  Record  for  1872. 

FiLARiA  IN  THE  HousE  Flt. — Prof.  Lcidy  has  recently  found 
that  the  common  house  fly  is  aflSicted  by  a  thread  worm,  about  a 
line  in  length,  which  takes  up  its  abode  in  the  proboscis  of  the 
fly.  From  one  to  three  worms  occurred  in  about  one  fly  in  five. 
This  parasite  was  first  discovered  in  the  house  fiy  of  India,  by 
Carter,  who  described  it  under  the  name  of  Filaria  musccBj  and 
suggested  that  it  might  be  the  source  of  the  Guinea-worm  in  man. 

GEOLOGY  AKD   PAIiEONTOLOGY. 

The  Musk  Sheep  fossil  in  Silesia. — According  to  Herr  F. 
Bomer,  of  Breslau,  the  skull  of  the  musk  sheep  {Ovibos  moscha- 
ius)^  the  most  Arctic  herbivorous  mammal,  has  been  detected 
among  fossils  from  the  Pleistocene  loams  of  Silesia.  The  discov- 
er)' is  of  some  interest,  in  consequence  of  the  limited  occurrence 
of  this  species  in  Germany,  three  localities  only  having  hitherto 
yielded  its  remains. — Academy. 

(247) 
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A  TEKTtART  Gar  Pike  in  France. — It  seems  to  be  proved  be- 
yond doubt  that  a  true  LepldosteUs  lived  in  the  waters  of  the 
Paris  basin  during  the  early  Tertiary  period.  M.  Paul  Gervais 
has  recently  announced  that  the  ganoid  fish  fh)m  the  Paris  beds, 
described  by  Agassiz  as  Lepidotus  MaximUiani  should  be  referred 
to  Lepidosteus  Suessionensis,  This  correction  is  based  upon  the 
recent  discovery  of  abundant  fish  remains,  including  vertebrae,  at 
Neaufles,  near  Gisors.  —  Academy. 

Fall  op  Cosmical  Dust  on  the  Earth.  —  It  has  been  ascer- 
tained by  Nordenskiold  of  Stockholm,  that  small  quantities  of  a 
cosmical  dust,  foreign  to  our  planet  and  containing  metallic  iron, 
cobalt,  nickel,  phosphoric  acid,  and  also  a  carbonaceous  organic 
matter,  falls  upon  the  earth  along  with  snow  or  rain.  —  Amer. 
Joum.  Science* 


ANTHBOPOLOGY. 

An  Indian  Mill  Seen  in  the  Museum  of  Nassau,  New 
Providence.  —  This  important  object  was  marked '^  Indian  idol 
or  stool."  An  image  with  a  human  face  was  carved  on  the  centre 
of  one  end  of  its  oval  shape ;  this  '^  stool,"  as  it  was  marked,  was 
hollowed  out,  increasing  from  its  two  extremities  towards  the  cen- 
tre, the  carved  head  peering  a  little  above  the  rim.  It  was  sup- 
ported by  legs,  was  of  wood,  the  workmanship  of  the  extinct  race 
that  once  inhabited  the  island.  It  was  in  a  good  state  of  preserva- 
tion, which  is  no  doubt  owing  to  the  antiseptic  qualities  of  the  air 
in  the  cave  in  which  it  was  found,  which  preserved  the  wood,  that 
may  be  three  hundred  years  old.  Many  caves  have  been  found  in 
the  Bahama  Islands  which,  if  they  were  not  the  dwellings  of  the 
former  Indians,  must  have  formed  their  temporary  shelters,  as 
many  implements  are  found  in  them. 

This  supposed  ^' stool**  was  nothing  else  than  a  mill ;  the  Indians 
would  not  have  bestowed  so  much  labor  upon  a  stool.  It  is,  be- 
sides, too  small  for  that  purpose.  The  people  of  the  Island  pos- 
sessed in  these  days  tools  made  of  bone  or  «tone,  therefore  they 
would  only  make  the  articles  that  manufactured  food  or  clothing, 
the  Islands  producing  no  stone  hard  enough  to  be  formed  into  a 
mill.  It  is  just  the  height  required  for  a  person  sitting  upon  the 
ground,  is  much  like  those  made  of  stone,  and  in  use  by  the  poor 
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people  and  Indians  of  Mexico.  I  am  convinced  that  this  article 
seen  in  the  museum  of  Nassau,  N.  P.,  was  used  to  bruise  or  grind 
the  corn,  seeds  of  plants,  dried  fish,  etc.,  used  as  food  by  the 
ancient  and  now  entirely  extinct  race.  The  female  sitting  upon 
the  ground,  takes  the  mill,  places  it  between  her  legs ;  then  taking 
a  flat  piece  of  very  hard  wood  (or  stone)  which  can  be  found  upon 
beaches,  she  draws  it  backward  and  forward,  bringing  under  it 
whatever  is  in  the  mill,  which,  by  rubbing  back  and  forth,  is  soon 
reduced  to  flour,  or  to  any  consistency  the  animal  or  vegetable 
substance  was  desired. — Edward  Palmer. 


MICBOSCOFY. 

Postal  Micro-cabinet  Club. — A  club  for  the  circulation  and 
critical  study  of  microscopic  objects  has  been  formed,  its  design 
and  methods  conforming  mainly  to  those  of  the  very  successful 
English  club.  The  following  rules  have  been  prepared  for  the  use 
of  the  organization,  and  Rev.  A.  B.  Hervey,  No.  10  North  Second 
St.,  Troy,  N.  Y.,  has  consented  to  act  as  secretary  until  the  first 
regular  election  of  otilcers.  Applications  for  membership  may  be 
made  to  him  or  to  the  Editors  of  the  Naturalist. 

Bules  of  the  American  Postal  Micro-cabinet  Club. 

1.  This  club  shall  be  called  the  American  Postal  Micro-cabinet 
club. 

2.  Its  object  shall  be  the  circulation,  study,  and  discussion  of 
microscopic  objects. 

3.  Reliable  persons  accustomed  to  work  with  the  microscope, 
and  able  to  contribute  to  the  usefulness  of  the  club  by  sending 
good  objects  for  examination,  shall  be  eligible  to  membership. 

4.  Applications  for  membership  may  be  made  to  the  secretary, 
and  should  be  accompanied  by  reference  to  some  person,  prefer- 
ably a  member  of  the  club  or  a  well  known  microscopist,  who  is 
acquainted  with  the  applicant. 

5.  Names  of  applicants  known  to  be  eligible,  shall  be  submitted 
to  vote  by  the  secretary,  who  shall  send  them  around  through  the 
circuits  in  the  letter  packages.  A  four-fiflhs  vote  of  all  the  mem- 
bers shall  be  necessary  to  election. 

6.  Members  elect  shall  be  notified  of  their  election  as  soon  as 
they  can  be  placed  in  any  circuit,  either  by  the  formation  of  new 
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circuits  or  by  filling  vacancies  in  old  ones.  They  shall  then,  and 
during  the  first  week  of  every  January  thereafter  during  their  con- 
tinuance in  the  club,  send  to  the  secretaiy,  as  annual  dues,  the 
sum  of  fifty  cents.  If  this  subscription  should  prove  insufficient 
to  deft-ay  the  expenses  of  the  club,  the  secretary,  with  the  ap- 
proval of  the  President  and  managers,  may  give  notice  of  an  in- 
crease to  any  required  sum  not  exceeding  one  dollar  per  year. 

7.  The  oflScers  shall  be  a  President,  Secretary,  who  shall  also 
act  as  Treasurer,  and  two  managers.  They  shall  be  elected  by 
ballot  b}*^  a  plurality  of  votes  cast,  blanks  for  that  purpose  being 
sent  around  by  the  secretary  in  January  of  each  year. 

8.  The  secretary  shall  arrange  the  members  in  sections  of 
twelve  members  each. 

9.  He  shall  send  a  box  capable  of  holding  one  dozen  slides  to 
the  firat  member  of  each  section.  Each  person  shall,  within  four 
days  of  the  date  of  receiving  it,  put  in  a  slide,  preferably  one 
which  illustrates  some  new  result  of  study  or  method  of  prepara- 
tion, and  mail  the  package,  carefully  directed  and  stamped,  to  the 
name  and  address  next  below  his  own  on  the  list  of  members  of  the 
section.  After  completing  each  circuit  the  box  shall  be  returned 
to  the  secretary  who  shall  start  it  on  the  next  circuit.  When  it 
has  completed  the  whole  circle  of  all  the  circuits,  it  shall  be  re- 
turned to  the  first  circuit  again,  when  each  member  shall  remove 
his  own  slide  and  replace  it  with  another,  mailing  the  box  as  be- 
fore to  the  next  member. 

10.  Slides  placed  in  the  box  must  contain  no  writing.  Written 
labels  should  be  soaked  oS  or  pasted  over,  and  the  slide  desig- 
nated by  a  number  to  correspond  with  the  number  of  the  owner  in 
the  list  of  members  of  the  section. 

The  slides  are  to  be  very  carefully  packed  in  the  box,  to  which 
is  securely  attached  by  a  string,  at  a  distance  of  two  inches,  a 
tag  bearing  a  postage  stamp  and  the  address  of  the  next  member 
of  the  section.  Nothing  is  to  be  placed  around  or  upon  the  box 
which  could  invite  a  blow  from  the  post  office  stamp. 

11.  If  any  member  should  receive  a  box  too  much  damaged  to 
be  safely  used,  or  containing  broken  or  damaged  slides,  or  not 
containing  the  ftill  number  of  slides  indicated  by  the  accom- 
panying memoranda,  he  shall  at  once  notify  the  secretary  and  the 
member  who  last  mailed  the  box. 

If  the  loss  cannot  be  adjusted  by  exchange  between  the  owner 
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of  the  slide  and  the  person  who  mailed  it,  the  damaged  slide  shall 
be  sent  to  the  secretary  who  shall  compensate  the  owner,  to  an 
extent  not  exceeding  one  dollar  for  any  one  slide,  out  of  any  un- 
appropriated funds  belonging  to  the  club.  Cash  on  hand  lind  in 
excess  of  the  estimated  expenses  of  the  current  year  shall  alone 
be  considered  subject  to  this  claim.  Differences  of  opinion  in  re- 
gard to  damages  shall  be  referred  to  the  President,  whose  decision 
shall  be  final. 

12.  At  the  same  time  with  the  box,  and  to  the  same  address, 
shall  be  invariably  mailed  a  letter-package  containing  a  list  of 
members  of  the  section  and  of  objects  in  the  box,  and  blank 
papers  for  memoranda,  remarks,  questions  and  answers,  notices 
of  exchanges  sought  or  offered,  etc. ;  also,  at  the  proper  times, 
voting  lists  for  election  of  officers  or  the  transaction  of  other  busi- 
ness. Everything  contained  in  the  letter-package  shall  be  con- 
sidered the  property  of  the  club,  shall  only  be  removed  therefrom 
by  the  secretary  and  shall  be  by  him  filed  or  published  as  may 
seem  most  advisable. 

13.  The  letter-package  and  the  box  of  slides  should  accompany 
each  other,  and  any  member  who  does  not  receive  either  one  within 
three  days  after  the  receipt  of  the  other,  shall  promptly  notify  the 
secretary. 

Notice  shall  always  be  sent  by  members  to  the  secretary,  one 
week  previously,  if  practicable,  of  any  change  of  post-offlce  ad- 
dress, or  of  any  absence  fVom  home  which  would  cause  more  than 
ten  days'  delay  in  the  forwarding  of  any  package  directed  to* 
them. 

14.  The  secretary  shall  annually  submit  a  detailed  statement 
of  receipts  and  expenditures  to  the  managers,  who  shall  audit  the 
same  on  behalf  of  the  club. 

A  NEW  Sprino  clamp  for  mounting  objects. — Mr.  Norman 
N.  Mason,  of  Providence,  R.  I.,  has  contrived  a  clamp,  or  spring 
clip,  for  holding  the  cover-glass  in  position,  which  is  probably  by 
far  the  best  yet  made,  both  fVom  the  ease  with  which  it  can  be 
made  and  the  facility  with  which  it  can  be  used.  A  thin  plate 
of  sheet  brass  or  German  silver  is  cut  to  the  shape  of  fig.  113, 
and  then  bent  into  position  as  represented  in  side  view  by  fig.  114. 
The  end  of  the  glass  slide  is  slipped  under  the  spring  d,  and  rests 
against  the  curve  e.    The  point  a,  which  may  be  protected  with  a 
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cork  if  prefen'ed,  rests  upon  the  centre  of  the  cover-glass.  A 
little  change  in  the  curve  of  one  or  both  of  the  plates  at  6,  will 
^ve  any  necessary  change  of  pressure  upon  the  slide  or  the  cover. 
An  easy  way  to  form  this  clamp  is  to  cut  strips  of  the  metal  as 

Fig. 118. 


Nataral  size. 

long  as  from  a  to/,  and  as  wide  as  at  c.  One  is  then  bent  upon 
itself  at  c,  and  hammered  down  flat ;  it  is  then  filed,  in  a  vice, 
with  a  uniform  taper  to  a;  the  spring  d  is  then  bent  up  and  the 

Fig.  Hi. 


Two-thirds  natural  size. 

curve  e,  formed  with  a  pair  of  wire-nippers,  and  finally  the  long, 
straight  spring  turned  up  at  right  angles  at  &.  Fig.  113  is  drawn 
to  natural  size ;  fig.  114  is  two-thirds  natural  size. 

Fbeseryino  Ajlgjr. — Mr.  Thomas  Palmer  contributes  to  "Sci- 
ence Gossip"  his  method  of  preserving  algae  as  microscopic  spec- 
imens. The  seaweed  is  first  washed  in  fresh  water,  which  is  left 
running  so  as  to  be  continually  changed,  until  the  salt  is  entirely 
removed.  It  is  then  partially  dried  with  blotting  paper,  and  pre- 
served in  pure  alcohol  until  wanted  for  mounting.  For  mounting 
it  is  transferred  through  chloroform  to  balsam.  This  method  sac- 
rifices the  color,  a  loss  which  is  overcome  by  staining  with  a  warm 
solution  of  logwood. 

MouNTENQ  Selected  Diatoms. — F.  Kitton  highly  compliments 
slides  received  from  Herr  Weissflog,  in  which  the  selected  diatoms 
(*'  not  arranged  in  patterns,  the  doing  which  is  a  shameful  waste 
of  time")  are  mounts  on  a  thin  cover  and  then  inverted  over  a 
cell  consisting  of  a  thin  silver  disk,  of  the  same  size  as  the  cover, 
and  perforated  with  a  small  central  opening,  often  as  small  as  ^ 
inch.  The  object  in  this  tiny  cell  is  easily  found,  stray  light  is 
largely  cut  oflT,  and  a  very  neat  mount  is  produced. 
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A  TINTED  Condensing  Lens. —  Prof.  E.  Abbe,  of  Jena,  whose 
New  IHaminating  Apparatus  seems  not  very  unlike  the  common 
English  "Webster  Condenser"  modified  so  as  to  be  available  in 
the  limited  space  allowed  between  the  stage  and  mirror  in  conti- 
nental microscopes,  suggests  the  employment  as  a  condensing 
lens,  when  lamplight  is  to  be  employed,  of  a  large  glass  globe 
filled  with  water  colored  of  a  moderate  blue  tint.  This  is  placed 
between  the  fiame  and  the  plane  mirror  below  the  condenser,  and 
gives,  according  to  the  depth  of  color  employed,  a  nearly  white 
or  a  decidedly  blue  illumination. 

Wide  Angled  Objectives.  —  Having  been  a  member  of  the 
committee  of  the  Memphis  Microscopical  Society  appointed  to 
make  certain  tests  of  various  object-glasses,  it  may  prove  of  in- 
terest to  make  public  the  results  of  our  investigations. 

Dr.  Carpenter  lays  down  as  a  fixed  law  the  statement  that  "all 
who  have  made  much  .use  of  the  microscope  are  now  agreed  as  to 
the  superior  value  of  objectives  of  moderate  or  even  comparatively 
small  angle  of  aperture  for  ordinary  working  purposes  ;  the  special 
utility  of  the  very  wide  apertures  being  limited  to  particular 
classes  of  objects."     (Carpenter,  4th  ed.,  p.  172). 

It  is  now  claimed  that  this  no  longer  holds  good ;  and  our  in- 
vestigations were  undertaken  simply  with  a  view  to  testing  the 
correctness  of  this  statement. 

The  glass  we  selected  as  the  representative  of  the  wide  apgles 
was  a  "four-system"  immersion  -j^th,  of  nearly  180°;  the  narrow 
angles  with  which  it  was  compai*ed  were  the  best  at  our  command, 
b}'  leading  makers  of  England,  Germany,  France  and  America, 
and  comprised  both  dry  and  wet  sj'stems.  Bearing  in  mind  the 
theory  that  the  wide  angles  are  only  superior  on  diatoms  and  with 
oblique  illumination,  we  di^oard^d  diatom  tests,  and  used  only 
central  light. 

The  first  slide  selected  was  a  specimen  of  mosquito  scales,  dry. 
Under  the  i^th  of  nearly  180",  this  object  was  beautifully  defined, 
the  structure  of  the  intercostal  spaces,  longitudinal  ribs  and  ter- 
minal spines  being  all  sharply  and  clearly  shown.  Even  under  so 
high  eye-piercing  as  ^th  inch  solid  (equal  to  D),  the  object  was 
splendidly  illustrated.  ,  The  narrow  and  moderate  angles  were  then 
successively  brought  to  bear  on  the  same  object,  with  the  uniform 
result  that  while  not  giving  sa  good  definition  under  low  power 
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eye-pieces,  under  the  high  eye-piece  all  utterly  broke  down.  The 
next  test  selected  was  a  slide  of  voluntary  muscular  fibre,  in  bal- 
sam. Here  again  the  nearly  180°  glass  gave  splendid  results,  the 
definition  of  the  striae  being  perfect  even  under  D  eye-piece.  The 
moderate  angles  were  again  brought  on  the  field,  with  the  same  re- 
sult as  before. 

These  facts  seem  to  justify  the  claim  that  the  law,  as  laid  down, 
touching  the  general  usefulness  of  the  wide-angled  glasses,  is  not 
now  correct,  having  obtained  credence  at  a  period  when  the  difll- 
culties  attending  their  construction  had  not  been  thoroughly  mas- 
tered ;  but  that  such  is  no  longer  the  case.  1  feel  sure  that  the 
advanced  workers  of  this  country  already  accept  as  true  the  con- 
clusions anived  at  by  our  committee ;  but  I  am  alsg  sure  that  by 
far  the  greater  number  of  our  microscopists  still  hold  to  the  old 
faith.  —  Albert  F.  Dod,  Memphis^  Feb.^  1875. 

Freezing  applied  to  Histology. — Messrs.  Key  and  Retzius, 
while  admitting  the  value  of  freezing  as  a  means  of  hardening  cer- 
tain tissues  for  cutting  sections,  have  lately  called  attention  to  the 
false  canals  which  are  often  formed  and  which  not  only  disorgan- 
ize the  tissue,  but  might  be  mistaken  for  normal  structures.  At 
the  moment  of  freezing,  the  water  separates  from  the  tissues  and 
branches  out  into  acicular  columns  of  ice ;  and  the  cavities  thus 
formed  may  be  preserved  and  demonstrated  by  hardening  the 
frozen  sections  by  alcohol  or  osmic  acid,  before  .thawing  them. 
Exactly  similar  appearances  may  be  observed  in  sections  of  frozen 
blood  or  starchy  or  gelatinous  mixtures. 

Mr.  Lawson  Tait,  of  Birmingham,  has  found  sections  of  tissue, 
which  were  cut  while  hardened  by  freezing,  to  be  full  of  air-bub- 
bles which  even  the  air-pump  failed  to  remove.  The  contained 
water  had,  in  freezing,  expelled  the  air  it  had  held  in  solution,  and 
the  bubbles  thus  produced  were  so  entangled  in  the  tissue  as  to 
defy  mechanical  treatment.  They  were  readily  re-dissolved,  how- 
ever, by  soaking  the  section  in  cold  distilled  water  which  had  been 
recently'  boiled  to  expel  its  supply  of  air. 

Embedding  in  Elder  Pith. — Dr.  C.  H.  Golding  Bird,  in  a 
paper  read  before  the  Medical  Microscopical  Societ}',  advocates 
elder  pith  as  an  almost  universally  preferable  medium  for  embed- 
ding tissues  preparatory  to  cutting  sections.  For  holding  in  tijie 
hand  it  will  in  most  cases  give  as  good  results,  as  the  troublesome 
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wax  method,  and  in  f^r  less  time ;  while  for  use  in  the  microtome 
it  is  preferable  becanse  of  its  simplicity  and  portability,  no  acces- 
sory appliances  being  required,  because  it  cannot  revolve  in  the 
microtome  like  wax,  and  because  of  the  facility  with  which  it  can 
be  removed  from  the  tube  and  readjusted  in  it  if  required.  The 
object,  such  as  a  piece  of  hardened  tissue,  is  loosely  packed  in  the 
tube  of  the  microtome  by  means  of  dry  elder  pith  which,  being 
wetted,  in  about  three  minutes  swells  so  as  to  fill  up  the  vacant 
spaces  and  fixes  the  object  immovably  in  place.  This  process 
which  is  represented  as  eqnal,  in  most  cases,  to  the  common 
method  by  wax  or  paraffine,  is  invaluable  for  cutting  sections  of 
leaves  and  the  like,  for  which  the  usual  embedding  media  are  nearly 
useless.  Even  tissues  embedded  in  wax  may  be  conveniently 
packed  in  the  microtome  by  means  of  pith. 

NOTES. 

An  organization  bearing  the  title  of  the  ^'  Central  Ohio  Scientific 
Association"  was  formed  in  Urbana,  Champaign  Co.,  O.,  in  No- 
vember last,  with  the  following  officers  for  the  present  year :  Pres- 
ident, Rev.  Theo.  N.  Glover ;  Vice-President,  P.  R.  Bennett,  Jr. ; 
Corresponding  Secretary  and  Curator,  Thos.  F.  Moses,  M.D. ; 
Recording  Secretary,  Wm.  F.  Leahy ;  Treasurer,  J.  F.  Meyer. 

The  22d  of  November,  the  block  of  granite  which  is  designed 
to  cover  the  tomb  of  the  naturalist  Agassiz,  left  Interlaken  for 
Neuchdtel.  It  has  been  taken  from  the  rocks  situated  below  the 
glaciers  of  the  Aar,  near  the  hut  where  Agassiz  and  his  colleagues 
in  science  explored  the  glaciers. — Swiss  paper. 

The  Detroit  ^'  Scientific  Association"  has  during  the  past  winter 
held  monthly  meetings.  The  museum  of  the  society  is  tempora- 
rily located  in  rooms.  The  officers  for  1 874-5  are  G.  P.  Andrews, 
M.D.,  President ;  and  A.  6.  Lyons,  M.D.,  Secretary  and  Cabinet 
keeper.    There  are  eight  Curators. 

The  Geological  Magazine  edited  by  Henry  Woodman,  has  just 
completed  the  first  volume  of  the  second  decade  since  its  first 
publication.  This  journal  is  of  sufficient  general  and  popular 
interest  to  secure  subscribers  in  this  country  among  geologists. 
The  publishers  are  Messrs.  Triibner  &  Co.,  of  London.  Subscrip- 
tions will  also  be  taken  at  the  Naturalists'  Agency. 
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Vol.  IX. -MAY,  1B76.-NO.  5. 

THE    LAW    OF    EMBRYONIC    DEVELOPMENT    THE 
SAME  IN   PLANTS  AS   IN  ANIMALS. 

BT  I.    A.    LAPHAM,    LL.D. 

It  is  a  well  known  law  in  the  animal  kingdon,  that  the  young  or 
embryonic  state  of  the  higher  orders  of  animals,  resemble  the  full- 
grown  animals  of  the  lower  orders.  As  examples,  we  have  the 
tadpole,  which  is  a  young  frog  with  gills  and  a  tail,  thus  resem- 
bling the  fishes  which  stand  lower  in  the  scale  than  the  reptiles ; 
and  the  caterpillar  which  has  the  characters  of  a  worm,  but  is  the 
immature  state  of  the  butterfly,  an  animal  of  a  higher  class  of 
articulates.  The  discovery  of  this  important  law,  and  its  applica- 
tion to  particular  cases,  has  been  one  of  the  causes  of  the  recent 
rapid  progress  in  the  study  of  the  animal  kingdom  ;  it  has  enabled 
naturalists  to  determine  the  proper  place  of  certain  species  in  the 
grand  scale  of  beings,  and  thus  to  correct  their  systems  of  classi- 
fication ;  it  has  enabled  geologists  to  decide  upon  the  relative  age 
of  rocks,  in  some  otherwise  doubtful  cases. 

It  is  the  purpose  of  this  paper,  to  show,  as  briefly  as  possible, 
that  the  same  law  of  resemblance  between  the  immature  of  one 
order  and  the  mature  of  a  lower  order  of  animals,  is  equally  true 
in  the  vegetable  kingdom,  where  its  study  may  hereafter  lead  to 
equally  important  results. 

Plants  grow  from  seed  planted  in  the  ground,  have  roots,  stem, 

branches,  leaves;   they  produce  flowers  with  calyx  and  corolla, 

>  and  the  more  essential  organs,  stamens  and  pistils ;  they  bear  fruit 

Entered,  according  to  Act  of  Congress,  In  the  year  187ft.  by  the  Pcabody  Acadixt  op 
SciKNCK,  In  the  Office  of  the  Librarian  of  Congress,  at  Washington. 
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with  seed  afler  their  kind,  which  when  planted,  swell  and  become 
plants  again. 

The  stamens  have  at  their  top  a  sack  (the  anther)  completely 
filled  with  grains  nicely  packed,  each  of  which  proves  on  examina- 
Fig.  iifi.  ^^^^  ^^  ^6  ^  small  sack  (Fig.  115,  the  pollen)  filled  with  a 
viscous  fluid  matter,  in  which  are  floating  exceedingly 
small' grains  called  fovilla.  These  are  essential  organs  in 
Pollen.  ^i^Q  reproduction  of  jLhe  plant,  and  must  perform  their 
functions  before  the  seed  can  be  matured.  We  may  increase  and 
multiply  plants  by  layers,  cuttings  and  budding ;  but  to  reproduce 
a  new  plant,  the  agency  of  the  stamen,  pollen  and  fovilla,  is 
needed  as  well  as  that  of  the  see^. 

Under  a  good  microscope,  tBTs  fovilla  may  be  seen  in  any  ripe 
pollen  grains,  but  the  particles  are  among  the  most  minute  things 
we  are  called  upon  to  examine ;  requiring  the  higher  powers  of 
the  instrument  even  to  see  them ;  and,  what  is  truly  wonderful, 
these  minute  particles  are  found  to  have  a  proper  motion  of  their 
own.  The3'  move  forward,  backward  or  sidewise,  but  never  make 
much  progress  in  any  direction  ;  the  motion  appears  to  be  object- 
less, not  like  that  of  an  animal  seeking  its  food.  The  cause  of 
this  motion  is  not  known ;  it  is  called  molecular  motion,  and  may 
be  the  efffect  of  some  chemical  action ;  but  is  more  probably  due 
to  the  mysterious  vital  force. 

From  the  bottom  of  ponds  of  stagnant  water,  and  from  springy 
places,  we  may  bring  up  plants  so  minute  that  no  unaided  human 
eye  has  ever  seen  them;  they  consist  of  a  single  cell ;  they  are 
the  smallest  and  the  very  lowest  grade  of  plant-life,  the  Desmideae ; 
and  yet  they  are  full-grown  plants.  They  never  grow  to  be  any- 
thing else,  they  are  only  Desmideee  and  nothing  more.  They  are 
true  plants  and  not  animals,  as  was  once  supposed. 

These  minute,  though  full-grown  plants,  will  be  found  actively 
moving  forward  and  backward  and  sidewise  ;  making  no  progress ; 
appearing  to  have  no  aim,  no  object ;  precisely  like  the  little  par- 
ticles of  fovilla  from  the  pollen  grains,  of  the  highest  orders  of 
plants. 

Here  then  we  have  the  first  proof  of  the  existence  of  the  law 
in  the  vegetable  kingdom  ;  the  wonderful  motion,  both  of  the  full- 
grown  plant  of  the  lowest  of  the  vegetable  race,  and  of  the  par-* 
tides,  which  may  be  regarded  as  one  of  the  first  steps  toward  the 
reproduction  of  plants  of  the  highest  type. 
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Arctic  and  Alpine  travellers  report  the  snow  as  sometimes  red, 

and  we  know  that  our  sU^nant  waters  are  sometimes  green  ;  these 

Fig.  116.   colors  are  found  upon  close  examination  to  be  owing  to 

other  minute  one-celled  plants  called  Frotococcus  (Fig. 

116).    They  are  little  sacks  or  cells  containing  particles 

Protococ-  of  a  brilliant  carmine-red,  or  beautiful  green  color.    Each 

^^'      particle  within  the  cell  is  destined  to  become  a  new  plant, 

and  then  again  to  give  origin  to  others. 

The  analogy  between  these  full-grown  plants  of  an  exceedingly 
low  grade  and  the  pollen-grains  (Fig.  115)  of  a  rose,  standing  at 
or  near  the  head  of  the  plant  kingdom,  is  at  once  apparent.  They 
contain  particles  (fovilla)  destined  to  the  same  office  of  reproduc- 
tion ;  one  woodcut  serves  to  represent  both. 

The  Botrydium  (Fig.  117)  may  be  deemed  a  plant  only  a  little 
higher  in  the  scale  than  the  Frotococcus.  It  consists  like  that  of 
a  single  cell,  but  this  cell  sends  down  a  tube  which 
is  often  branched,  extending  off  in  various  direc- 
tions very  much  like  roots  in  search  of  vegetable 
food.  The  cell  proper  is  filled  as  usual  with  the 
reproductive  particles ;  and  some  of  the  branches 
become  enlarged  as  shown  in  the  figure,  develop 
other  particles  and  soon  separate  to  form  new 
plants  of  the  same  kind. 

In  this,  and  in  many  similar  full-grown  plants  of 
the  lower  orders,  there  is  a  very  striking  corres- 
pondence with  the  pollen  grains  after  they  have  fallen  upon  the 
yj  j^g^  stigma  and  developed  tubes,  the  pollen-tubes  (Fig.  118). 
In  both  cases  we  have  a  cell  with  a  tube 
extending  downwards  from  one  side,  with 
the  vegetable  particles  and  fovilla,  and  in 
both,  these  minute  bodies  are  supposed  to 
pass  down  the  tube  to  perform  their  office 
of  originating  a  new  plant. 

Here   again    the    full-grown    Botrydium 

corresponds  with    the    embryonic    pollen- 

PoHen   tubes  of  the  higher  plants ;  and  we  have  a 

third  proof  of  the  existence  of  the  law. 

Fungi  are  plants  of  a  higher  grade  than  the  Algse,  the  Proto- 

coccns,  and  the  Botrydium.    Instead  of  a  single  cell,  they  consist 

of  an  aggregation  of  cells ;  and  they  produce  a  number  of  little 

cases  or  sacks  filled  with  grains,  called  spores.     Here  (Fig.  119) 


Botrydium. 


HoQld. 
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is  the  figure  of  the  mould  that  grows  upon  bread  in  a  damp  cellar. 
It  consists  of  a  single  stem  made  up  of  Cells  placed  one  upon  the 
other,  and  a  single  globular  spore-case  at  the  top.  The  spores 
are  liberated  when  ripe  and  are  blown  to  the  four  quarters 
of  the  world  by  the  wind.  Wherever  they  alight,  circum- 
stances being  favorable, — as  bread  in  a  damp  cellar, — 
they  grow  and  become  mould  again.  Compare  this,  which 
is  one  of  the  lowest  of  the  Fungi,  with  a  stamen  (Fig. 
120)  growing  in  one  of  the  most  perfect  of  flowers.  It 
has  its  filament  (stem)  supporting  a  case  or  sack  (the 
anther)  filled  with  pollen-grains  (which  I  compare  with  the 
stam  n  ^P^**®^  ^^  ^^^  ^ungO  ^^d  which,  when  fully  mature  are 
liberated  and  scattered  about  by  the  wind,  or  are  carried 
by  insects.  Under  favorable  circumstances  (falling  upon  the 
stigma)  they  also  grow  and  become  new  plants. 

These  examples  are  sufficient  for  the  present  purpose;  they 
sbow  clearly  the  existence  of  this  important  law  in  the  vegetable, 
as  well  as  in  the  animal  kingdom.  Many  similar  analogies  might 
be  found  throughout  the  whole  course  of  vegetable  life,  were  it 
desirable  to  pursue  the  subject.  We  have  here  one  more  link  be- 
tween the  two  great  kingdoms  of  organized  nature,  and  another 
proof  of  the  unity  of  design  of  the  Creator. 


ON   THE  PHYSICAL  AND  GEOLOGICAL  CHARACTER- 
ISTICS OF  THE  GREAT  DISMAL   SWAMP,  AND 
THE  EASTERN  COUNTIES  OF  VIRGINIA. 


BT    PROF.    N.    B.  WEBSTER. 


This  remarkable  morass,  situated  partly  in  Virginia  and  partly 
in  North  Carolina,  is  about  forty  miles  long  and  from  fifteen  to 
twenty-five  miles  wide.  The  earliest  account  of  a  passage  through 
the  swamp  is  by  Col.  Byrd,  who  surveyed  the  state  boundary  line 
in  1728.  Until  this  time.  Col.  Byrd  wrote  in  his  journal  "this 
dreadful  swamp  was  ever  judged  impassable." 

About  1755  a  Scotchman  named  Drummond,  discovered  the 
pond  now  bearing  his  name,  and  which  has  since  been  immortal* 
ized  by  Moore  as  the  "  Lake  of  the  Dismal  Swamp." 
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In  1763,  George  Washington,  then  twenty-one  years  of  age, 
penetrated  the  swamp  and  in  his  own  language  "encompassed  the 
whole."  He  camped  one  night  on  the  eastern  border  of  the  lake, 
which  is  about  seven  miles  long  and  five  in  width,  and  in  a  morn- 
ing ramble  before  breakfast,  made  the  interesting  discovery  that 
the  water  of  several  very  small  streams  ran  ohX  of,  instead  of  mto, 
the  lake.  Washington  wrote  to  Hugh  Williamson  that  he  had  no 
doubt  the  water  was  running  into  some  of  the  rivers  of  Albe- 
marle Sound.  The  yonthful  surveyor  had  in  fact  discovered  the 
source  of  Northwest  River  which  runs  into  Currituck  Sound. 

Washington  also  ascertained  that  the  surface  of  the  lake  was 
nearly  level  with  the  western  edge  of  the  swamp  and  considerably 
higher  than  the  eastern  border,  or  in  other  words  that  the  swamp 
was  neither  a  JioUoto^  nor  a  plain^  but  a  hill'Side.  More  careful 
measurements  since  have  shown  that  the  surface  of  the  lake  is 
twent\*-one  feet  higher  than  mid-tide,  aqd  twelve  feet  higher  than 
the  eastern  border  of  the  swamp. 

Com.  Barron  and  others  sounded  across  the  lake  and  found  the 
depth,  in  the  middle,  to  be  fifteen  feet,  with  a  bottom  of  swamp- 
mud,  covered  in  some  places  with  white  sand«  The  soil,  if  soil  it 
can  be  called,  taken  one  foot  below  the  surface,  contains  more 
than  96  per  cent,  of  organic  matter.  Workmen  in  the  swamp  as- 
sert that  they  can- run  a  pole  down  from  ten  to  fitteen  feet  in  this 
soft  mud  or  sponge.  This  sponge  is  really  a  peat  when  taken 
near  the  surface,  and  has  been  used  as  fuel.  Shaded  and  kept 
moist  by  the  dense  growth  of  ferns,  i*eeds,  and  Juniper  trees,  which 
with  their  long  deep  roots  stand  firm  in  the  trembling  mud,  the 
annual  accumulation  of  vegetable  growth  does  not  decay,  but 
gradually  aids  in  raising  the  level  of  this  growing  bog.  But 
when  the  mud  is  thrown  up  in  ridges  by  the  excavations  for 
ditches  and  canals,  it  soon  disappears  by  a  slow  oxidation. 

The  trees  of  past  centuries,  buried  in  the  swamp,  as  well  as  the 
present  gi'owth  are  of  great  value  for  shingles,  staves,  and  other 
purposes  where  durability  is  desired. 

During  dry  seasons  extensive  fires  prevail,  not  only  burning  the 
vegetation  above  the  surface  but  the  peaty  soil  itself,  leaving 
holes  and  large  depressions  sometimes  two  feet  in  depth. 

In  this  way  the  lake  was  probably  formed.  It  is  not  to  be  sup- 
posed that  the  bed  of  the  lake  was  thus  burned  to  the  depth  of 
fifteen  feet,  but  that  at  some  remote  time,  the  large  area  of  its 
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bed  was  burned  so  low,  that  the  water  from  succeeding  rains  filled 
It  to  a  depth  too  great  to  allow  vegetable  growth,  and  that  each 
succeeding  year  added  to  the  height  of  the  banks  or  relative  depth 
of  the  lake.  The  perpendicular  hanks  of  the  lake  and  the  charred 
stumps  that  have  been  formed  at  the  bottom,  confirm  this  supposi- 
tion. There  are  many  proofs  that  the  water  supply  of  the  lake  is 
from  the  rainfall  on  the  swamp  and  not  from  springs  at  the 
bottom.  The  water  is  remarkably  pure  except  from  vegetable 
matter  infused,  which  gives  it  the  color  of  weak  tea  and  the  name 
of  juniper  water.  It  is  considered  the  best  water  for  long  sea 
voyages.  Contrary  to  popular  opinion  abroad,  the  interior  of  the 
swamp  is  a  very  healthful  locality. 

Lyell  briefly  refers  to  the  swamp  in  his  *' Travels  in  North 
America,"  and  of  course  sees  a  confirmation  of  his  theory  of  coal 
formations,  viz.  —  "That  ancient  seams  of  coal  were  produced, 
for  the  most  part,  by  terrestrial  plants  of  all  sizes,  not  drifted^  but 
growing  on  the  spot,** 

That  the  Gi*eat  Dismal  was  once  much  greater  is  evident  from 
the  deposits  of  peaty  matter,  swamp  mud,  and  burnt  stumps,  be* 
low  from  twelve  to  fifteen  feet  of  clay,  at  the  distance  of  several 
miles  fVom  its  present  limits. 

A  specimen  of  charred  wood  was  taken  from  a  well  about  five 
miles  from  the  swamp,  and  perhaps  a  mile  fVom  Suffolk,  Va.,  on 
the  line  of  the  seaboard  railroad.  It  was  found  as  a  part  of  a 
large  stump,  where  it  had  gi-own  in  the  midst  of  the  black  peaty 
soil,  and  below  six  and  one-half  feet  of  swamp  mud,  two  feet  of 
blue  clay,  and  twelve  feet  of  red  clay.  In  the  mud  about  the  roots 
of  the  stump,  white  sand  was  found  as  at  the  bottom  of  the  lake. 

It  is  well  known  that  the  southeastern  part  of  Virginia  con- 
sists of  two  plateaus,  one  about  eight  or  ten  feet  above  the  sea 
and  the  other  from  twenty-five  to  forty  feet.  The  well  referred 
to  was  dug  near  the  eastern  eilge  of  the  higher  plateau,  and  the 
surface  of  the  swamp  forms  an  inclined  plane  from  one  plateau  to 
the  other. 

This  vast  swamp  appears  to  be  retained  above  the  level  of  the 
adjacent  land  in  a  way  similar  to  the  peat-mosses  of  Solway  and 
Sligo,  until  they  burst  and  overwhelmed  the  neighboring  country. 
What  known  force  but  that  combination  of  molecular  forces  known 
as  capillarity  can  supply  and  sustain  the  waters  of  the  lake  and 
swamp  above  described  ? 
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THE  FERTILIZATION    OF   CERTAIN   FLOWERS 
THROUGH   INSECT  AGENCY. 

BY   THOMAS   G.    GENTRY. 


In  the  spring  of  1873,  a  few  seeds  of  Cucurbita  ovifera  were  sown 
in  a  box  which  had  been  previously  filled  with  rich  earth  from  the 
woods.  In  course  of  time  they  germinated,  producing  thrifty 
.  plants.  After  tlie  latter  had  attained  suitable  heights  for  removal, 
some  were  transferred  to  the  garden,  and  the  remainder  were  given 
to  friends  in  the  vicinity  ;  a  few  of  the  latter  found  their  way  to  a 
thickly-built  up  portion  of  Philadelphia,  and  trained  to  grace  the 
walls  of  an  outhouse.  All  the  plants  flourished  and  fruited  abun- 
dantly. The  city  fruit  was  the  exact  similitude  of  the  original, 
globular  in  configuration,  with  a  small  curved  neck,  and  of  a  light 
yellow  color  with  a  circular  patch  of  green  upon  the  basal  part. 
The  country  plants  produced  more  than  a  dozen  gourds  to  the  vine, 
which  differed  very  materially  from  the  original  in  size,  form,  and 
color.  With  one  exception  they  were  globular  in  shape,  attaining 
in  some  instances  a  circumference  of  nearly  three  feet,  and  of  a 
deep  rich  gamboge  color.  The  exceptional  case  was  perceptibly 
flattened  at  the  ends,  and  marked  with  alternate  longitudinal  broad 
bands  of  deep  and  light  shades  of  green,  affording  a  striking  con- 
trast in  color  to  the  others.  There  was  particularly  noticeable  in 
the  fruit,  a  very  close  resemblance  in  outline  and  color  to  the  ordi- 
nary pumpkin,  C  pepo^  and,  indeed,  the  flavor  and  thickness  of  the 
flesh  were  so  pumpkin-like,  as  to  convince  one  unfamiliar  with  the 
facts,  that  it  was  truly  the  case.  Whence  the  difference  between 
the  city  fruit  and  that  matured  in  the  country  ?  I  think  it  must 
be  attributed  to  the  agency  of  insects.  Many  of  the  Bombi,  for 
instance,  Bombus  pensylvanica^  together  with  the  little  honey  bee, 
Apis  mellijka^  were  observed  on  scores  of  occasions  by  the  writer, 
to  visit  the  female  flowers  of  C.  ovifera^  doubtless,  through  mis- 
take, fancying  them  to  be  the  pollen-bearing  ones,  with  their  pos- 
terior trophi  laden  with  yellow  pollen-grains  gathered  from  C.  pepo. 
In  ab'ghting  upon  a  flower,  a  Bombus  could  not  avoid  brushing  its 
posterior  limbs  against  the  bilobed  stigmas  thereof. 

Here,  it  is  evident,  is  a  case  of  hybridism  brought  about  through 
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the  agency  of  bees,  whereby  a  cross  between  two  closely-allied 
species  has  been  effected  in  an  eminently  successful  manner,  if  the 
size,  quality,  and  profusion  of  the  frait  are  any  criteria.  In  the 
city  specimens,  fertilization  has  undoubtedl}'  been  accomplished 
through  wind-agency.  It  is  extremely  doubtful  that  bees  could, 
have  taken  any  part  therein,  since  it  is  a  rare  occurrence  to  meet 
with  them,  in  a  compactly  built  city  ;  their  presence  being  rarely 
ever  observed  except  where  conveniences  for  nest-building  and 
abundance  of  food  are  met  with. 

Bees  were  also  noticed  by  the  writer  to  visit  the  female  flowers 
of  C.  ovifera,  after  having  previously  collected  pollen  from  the 
male  flowers  of  the  same  vine.  From  this  and  the  preceding  fact, 
it  would  seem  that  the  pollen  of  a  very  near  ally  lias  sometimes 
a  prepotent  influence  over  the  plant's  own  pollen. 

In  Gray's  Manual  it  is  affirmed  that  C  ovifera  is  probably  the 
parent  of  C.  pepo.  That  there  is  a  close  relationship  subsisting 
between  them  amounts  to  a  settled  conviction  in  my  mind.  The 
perfect  freedom  with  which  C.  ovifera  receives  the  pollen  of  C- 
pepo,  in  preference  to  its  own,  is  what  I  should  expect,  if  the  latter 
has  been  evolved  from  the  former,  which  I  presume  to  be  the  case. 

Supported  by  a  trellis  in  front  of  my  door,  there  is  growing  a 
beautiful  and  thrifty  vine  of  Wistaria  Sinensis.  When  the  season 
is  favorable,  it  is  an  early  bloomer,  throwing  out.its  lovely  puri^le, 
pendent  racemes,  days  in  advance  of  its  long,  graceful  compound 
leaves.  Its  flowers  usually  appear  with  the  various  species  of 
Bombi,  Xylocopa  and  Apis,  and  are  sources  of  attraction  to  them 
when  other  and  richer  sweets  are  absent.  During  the  last  spring 
my  attention  was  attracted  to  these  flowers,  by  the  incessant  hum 
which  always  saluted  my  ears  when  returned  from  my  day's  labors. 

From  morning  until  night,  as  long  as  the  flowers  remained, 
these  busy  creatures  were  engaged.  There  were  B,  pensylvanica^ 
B.  virginicics  Fab.  (queens)  ;  Xylocopa  virginica  (female)  and  Apis 
mellijica  (worker).  After  watching  them  on  many  occasions  for 
more  than  an  hour  at  a  time,  I  was  surprised  to  discover  how  few 
entered  the  flowers  in  front  for  the  honey  which  the}'  secrete. 
They  almost  invariably  perforated  the  vexillum.  Having  wit- 
nessed this  operation  many  times,  I  set  to  work  finally,  to  examine 
each  individual  flower  of  many  clusters.  The  result  of  m}-  labor 
showed  that  nearly  every  flower  had  been  thus  perforated.  Judging 
from  the  sizes  of  the  apertures,  they  were  evidently  the  work  of  the 


Digitized  by  VjOOQIC 


THROUGH   INSECT  AGENCY.  266 

Bombi  and  Xylocopa ;  the  proboscis  of  the  honey-bee  being  too 
small  and  narrow  to  produce  such  results.  Although  hundreds 
of  honey-bees  were  flying  from  flower  to  flower,  not  a  solitary  in- 
dividual was  noticed  to  enter  the  throats  of  the  same.  Like  their 
larger  and  distant  relatives,  they  took  the  shorter  road.  As  a  gen- 
eral rule,  the  little  Apis  enters  in  froht.  In  this  instance  I  can  only 
attribute  its  deviation  from  custom  to  the  power  of  imitation. 
Perceiving  that  the  coveted  material  was  to  be  had,  at  a  great 
saving  of  labor  and  time,  as  evidenced  b}'  the  examples  of  Bombus 
and  Xylocopa,  it  had  leamed  to  profit  thereby. 

Although  the  purpose  for  which  nature  had  created  the  flowers 
of  Wistaria  seemed  to  be  defeated,  viz.,  the  propagation  of  its 
kind  and  the  continuance  of  the  species,  as  made  manifest  through 
previous  observations,  yet  I  did  not  cease  to  give  them  attention 
when  opportunities  offered.  After  long  and  weary  watching  for 
nearly  one  whole  afternoon,  I  was  repaid  for  my  patience  and 
watchfulness,  by  witnessing  an  individual  of  Bomhus  penayivunica 
enter  a  flower.  After  this  I*had  the  gratification  of  witnessing 
similar  operations  performed  by  several  others. 

In  order  that  tlie  process  may  be  understood,  it  is  necessary  to 
give  a  detailed  description  of  the  structure  of  a  normal  flower.  In 
papilio7iaceou8  flowei-s,  the  corolla  is  perigyuous ;  of  five  irregular 
petals  (rarely  fewer).  The  upper  or  odd  petal,  called  the  vexilbim^ 
is  larger  than  the  others,  enclosing  them  in  the  bud,  and  when 
open  is  usually  turned  backward  or  spreading.  The  two  lateral 
ones  are  called  the  wings  and  are  situated  obliquely  and  externally 
to  the  two  lower  petals ;  the  last  are  conn i vent  and  more  or  less 
coherent  by  their  anterior  margins,  forming  a  body  named  the  carina 
or  keel  which  usually  encloses  the  stamens  and  pistil.  The  sta- 
mens are  ten  in  number,  diadelphous ;  nine  in  one  set,  in  a  tube 
which  is  cleft  on  the  upper  side,  that  is,  the  side  next  to  the  stand- 
ardy  and  the  tenth  or  upper  one  separate. 

From  the  position  of  the  stamens  and  pistils  in  a  normal  flower, 
the  former  being  curved  forward  and  overhanging  the  latter,  it  would 
seem  that  the  object  to  be  attained  is  the  fertilization  of  the  flower 
by  its  own  pollen.  But  a  knowledge  of  the  degree  of  perfection 
to  which  the  sexual  parts  have  attained,  after  the  release  of  the 
wings  and  carina  from  the  enveloping  vexillum,  dissipates  any 
such  opinion.  The  anthers  have  not  acquired  their  full  develop- 
ment, while  the  stigma  is  perfect,  judging  fi:om  the  viscid  secre- 
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tion  which  covers  its  8ui*face.  By  the  time  the  anthers  mature, 
the  stigma  has  begun  to  wither.  As  the  lower  flowers  of  a  cluster 
come  to  perfection  before  the  upper  ones,  or  rather  as  flowers  may 
be  found  on  the  same  raceme  in  various  stages  of  development,  it 
is  possible  to  meet  with  some  that  mature  their  pistils  at  the  same 
time  that  others  do  their  stamens.  It  is  obvious  from  the  above 
that  self-fertilization  is  out  of  the  question.  In  conflrmation 
thereof,  I  might  cite  the  important  fact  that  on  a  vine  that  pro- 
duced no  less  than  one  hundred  clusters,  each  bearing  at  least  fifty 
flowers,  but  eight  legumes  were  counted ;  seldom  more  than  one 
was  found  on  the  same  flower  stalk ;  in  one  case  I  observed  two. 

AVhen  a  Bombus  visits  a  flower,  it  alights  upon  the  vexillum^  and 
in  order  to  get  to  the  honey,  thrusts  its  proboscis  downward  be- 
tween the  keel  and  standard  which  are  in  close  contact.  The  efibrt 
thus  expended  forces  the  carina  backward  which  releases  the  sec- 
ond set  of  stamens  and  the  pistil  (the  first  being  already  free) 
from  their  confinement.  The  pollen-grains  being  already'  ripe,  be- 
come dislodged  from  their  box-shap6d  anthers,  and  fall  down  upon 
the  head  and  back  of  the  bee.  The  bee  passes  to  another  flower, 
further  up  on  the  same  stem.  The  same  process  is  effected,  which 
permanently  releases  the  stamens  and  pistils  (the  former  being 
undeveloped).  In  the  act  of  retiring,  the  head  and  sometimes  the 
back  come  into  contact  with  the  stigmatic  surface  of  the  pistil 
which  projects  slightly  beyond  the  stamens,  and  which  being 
abruptly  curved  downward,  cannot  escape  fertilization. 

At  the  time  of  writing,  June  29,  1874,  a  second  crop  of  flowers 
is  visible.  These  are  principally  secondary  clusters,  which  have 
pushed  from  the  long,  pendent  comix>und  leaves,  which  are  to  be 
observed  at  the  basal  third  of  the  primary  floral  axes.  For  more 
than  a  week  I  have  attentively  watched  these  flowers,  in  the  hope 
of  witnessing  the  visits  of  bees.  Up  to  the  present  moment  it 
has  not  been  my  privilege.  Bombi  pass  and  repass  without  being 
attracted.  Within  the  woodwork  of  the  trellis  which  supports  the 
vine,  are  several  burrows  of  Xylocopa  virginica^  and  within  a  few 
inches  of  the  aperture  which  forms  the  mode  of  ingress  and 
egress,  there  is  hanging  a  cluster  of  flowers,  whose  conspicuous 
color  of  purple  and  strong  fragrance  could  not  fail  to  invite  atten- 
tion and  induce  acceptance,  were  there  a  disposition  upon  the  part 
pf  this  insect. 

When  the  clovers,  particularly  Trifolium  prcetense,  are  in  blos- 
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8om,  and  the  delicious  sweets  which  they  yield  are  eagerly  sought 
after,  all  other  luxuries  are  held  at  a  discount.  Bees  appear  to 
be  very  fastidious,  so  to  speak,  in  their  tastes  ;  seldom  noticing 
plants  of  inferior  qualities,  except  as  necessity  demands. 

July  14th.  The  lowers  have  all  fallen  and  not  a  legume,  nor 
the  trace  of  one,  from  this  second  flowering  is  to  be  seen.  During 
repeated  examinations  of  these  secondary  clusters,  there  was  ob- 
served nothing  in  the  structure  of  the  stamens  and  pistil  of  any 
flower,  to  prevent  self-fertilization,  provided  they  had  come  •to  ma- 
turity at  the  same  time.  There  was  abundance  of  pollen  in  the 
anthers,  and  the  stigmatic  surface  of  the  pistils  was  open  and  coated 
with  a  viscid  secretion.  The  presence  of  bees  and  the  development 
of  fruit  in  a  few  instances  where  aided  by  those  insects,  associated 
with  the  opposite  condition,  to  wit,  the  absence  of  bees  and  the 
consequent  absence  of  fruit,  the  flowers  being  ready  but  the  bees 
being  unwilling,  are  incontrovertible  evidence  of  the  fact  that  bees 
are  essential  to  the  fertilization  of  Wistaria  Sinensis. 


BOTANICAL   OBSERVATIONS   IN    SOUTHERN   UTAH. 

BY    DR.    C.    C.    PARRY. 
No.  4. 

The  following  list  comprises  the  collection  of  plants  made  in 
the  above  district,  in  the  season  of  1874. 

The  numbers  given  correspond  to  those  afiSxed  to  the  distributed 
sets,  and  referred  to  in  the  previous  papers.  Where  no  numbers 
are  given  the  plants  named  were  either  scantily  collected,  or 
merely  observed.  In  a  few  instances  the  unnumbered  plants, 
though  belonging  to  this  locality,  were  derived  from  other  sources 
AS  indicated  in  the  text.  Where  no  special  locality  is  given,  the 
valley  of  the  Virgen  in  the  vicinity  of  St.  George  is  to  be  in- 
ferred. To  the  notes  and  descriptions  following  any  particular 
species  furnished  by  other  collaborators,  the  name  of  the  author 
is  appended. 

No.  1.  Anemone  deeapetalalj.    Rooky  ledges.    April. 

Ko.  S.  JtanunculuM  AndersonU  Gray,  Var.,  teneUus  Watson.    King's  Rep.  p.  7,  t.  1. 
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Forming  small  clomps,  with  the  flowering  Btepas  quite  constantly  branched;  Beaver- 
dam  Mis.    May. 

No.  8.  Delphinium  axureum  Michx. 

No.  4.  Myosurtu  arisMiia  Benth.    Santa  Clara.    May. 

No.  5.  Jierberis  Fremnntii  Torr.    Beaver-dam  Mts.    May. 

No.  6.  Arctomecon  Cali/omicwn  Torr.  Fremont's  Rep.  p.  812,  t.  2.  Dry  gypseous 
hills  on  the  Virgen.  May.  Differs  from  the  description  and* figure  above  referred  to, 
in  its  less  hairy  fbliage.4  (not  6)  valvcd  capsule,  and  white  flowers ;  apparently  bien^iial. 

No.  7.  EBchscholtzia  Califomica  Cham.,  var.  hypecoides  Gray. 

No.  8.  Platpsiemon  CaUfornicua  Benth.  Upper  Santa  Clara.  June.  The  mof  t  east- 
em  locality  from  which  this  well  known  Californian  plant  has  been  collected. 

No.   9.  Arabii  longirostris  Watson.    King's  Rep.  p.  17,  t.  2. 

No.  10.  Streptanthutcordatua'Snit.'Rcixver-dimMtB.    May. 

No.  11.  Dr<tbn  eunei/oUa  Nntt.    Rocky  ledges.    April. 

No.  12.   Capiella  dicarlcata  Walp.  , 

No.  1-3.  Thytanocarpwi  curripe$  Hook. 

No.  14.  Phy$aria  Xewlerryi  Gray.  Bot.  Ives%  Rep.  p.  6. «  This  species  seems  to  take 
the  place  of  the  more  common  northern  species,  P.  didymocarpa  Hook.,  in  all  the 
mountainous  districts  of  Southern  Utah. 

No.  15.  Bincutella  (DithyrofO  WUlizeni  Engcl.    Sand  dri^. 

No.  16.  Lepidhim  iiUegri/blluM  Nutt.,  var.  heterophytlum.  Leaves  more  or  less  Fer- 
rate or  pinnatifldly  lobed.^The  present  specimens  have  the  leaves  coarsely  toothed, 
in  the  lowermost  somewhat  lobed.  the  upper  being  entire.  No.  122  Watson  (L.  monia- 
num,  Var.  (  ?)  alpivum^  King's  Rep.  p.  29),  is  a  more  extreme  form  with  most  of  the 
leaves  lol>ed.  In  evciy  other  respect  the  plant  is  exactly  Nuttill'd  L.  integri/olium  (51 
Vasey;  020  Wolf)  which  has  leaves  only  few-toothed  at  the  apex  or  entire.  TJ»e  spe- 
cies is  provlderl  with  a  somewhat  woody  bane  and  thick  leaves,  glabrous,  the  petals 
conspicuous,  capsule  ovate  to  orbicular,  marg^nless  or  veiy  nearly  so.  Rocky  ridges 
near  Cedar  City.    July.— S.  Watson. 

No.  17.  Lepi'lium  Fremontii  Walson.  King's  Rep.  p.  80,  t.  4.  Profusely  branched 
Arom  a  perennial  woody  bai>e,  foinning  diffuse  globular  shaped  clumps,  1-2  feet  in 
height,  with  copious  racemes  of  Fmnll  white  flowers,  succeeded  by  crowded  clusters 
of  sleudor  pedicell  ite,  broadly  obcordate  siliques.  The  figure  above  referred  to  in 
Watson's  Report,  taken  from  an  imperfect  fragment,  does  not  do  Justice  to  this  fine 
well  marked  species.    Abundant  on  rocky  hill  sides  near  St.  George,  fiowering  in  May. 

No.  18.  Lepidium  montanum  Nutt. 

No.  10.  Lepi.lium  Wrightii  Gray.  Siliques  more  glabrous  than  in  the  typical  specimens. 

No.  20.  Arenaria  Fenrlleri  Gray,  Var.  glahreacenn  Watson.  A  much  finer  plant  than 
the  more  common  northern  form  and  admirably  adapted  for  ornamental  rock  work. 

No.  21.  SUllaria  Kingii  Watsou  King's  Rep.  p.  39,  t.  6,  fig.  1-2.  Interior  basin  of 
Central  Utah.    July. 

No.  22.  Xtfioin'a  6rad^ycaZi^x  Engelra. 

No.  2.3  and  24.  Claytonia  per/oUata  Don.,  Vara.  Shaded  crevices  of  Sandstone  rocks. 
Santa  Clara.    April. 

No.  25.  Spharalcea  Emoryi  Torr. 

No.  26.  Maivwtram  exile  Gray.    Bot.  Ives's  Rep.  p.  8. 

No.  27.  Olossopetalon  spinescens  Gray.  PL  Wright.  Pt.  2,  p.  29, 1. 12.  Beaver-dam 
Mts.    May. 

No.  28.  Larrea  3fexicana  Moric. 

No.  29.  Acer  grandident<itum  Nutt. 

No.  30.  Vitia  Arizonica  n.  sp.  Toung  branchlets,  leaves  and  inflorescence  densely 
floccose-tomentoso,  adult  naked  or  usually  (at  least  on  the  nerves  of  the  leaves)  beset 
with  short  hairs;  leaves  (sm:ill)  orbiculate,  cordate,  with  a  wide  (sometimes  very 
broad;  sinus,  acute,  with  irregular,  sharp,  often  very  pointed,  rather  small  teeth ;  rarely 
8-^  lobod  with  rounded  sinuses;  tendrils  intermitting,^  branched;  fertile  inflorescence 

*  Intermitting  tendrils  we  find  in  those  s))ecies  of  VUit  where  two  leaves  with  op- 
posed tendrils  are  succeeded  by  a  third  leaf  without  a  tendril,  aud  so  on  in  succession : 
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and  bunches  of  berries  shoiler  than  leaf;  benies  small  or  middle-sized  (2-^i  lines  in 
diameter) ;  seeds  mostly  2-S,  usnally  obtnso  with  a  small  bii(  promjnent  ohalaza  and 
more  or  leas  indistinct  raphe.  VUU  aativatis,  Var?  Gray,  PI.  Wright,  pt.  2,  p.  27. 
Torrey  Pan.  R.  Rep.  7,  But.  p.  9.— Common  along  the  streams  of  Arizona  where  it  was 
first  collected  by  the  botanists  of  the  Mexican  Boundary,  and  of  some  of  the  Pacific 
Kailroud  Expeditions;  later  by  Dr.  Palmer,  wlio  made  an  especial  study  of  it  and 
gathered  numei-ous  specimens  in  mature  f.uit;  Dr.  Parry 'b  collections  are  ftom  south- 
westem  Utah. 

With  some  hesitation  I  venture  to  Introduce  a  new  species  in  this  IntHcate  genus,  and 
especially  in  the  Cordifolia  group;  but  as  this  form  cannot  well  bo  united  with  any  of 
its  allies,  it  will  have  to  try  and  stand  for  itself.  The  forms  belonging  to  the  Cordifolia 
group  are  distinguished  by  their  more  or  less  entire  loaves  and  small  berries;  they  ex- 
tend over  the  whole  breadth  of  the  continent  from  northeast  to  southwest,  and  are  V. 
cordifolia  with  iMBgBr,  broadly  dent  ite,  glabrous  leaves  and  smallest  berries  in  larger 
bunches,  raphe  usually  strongly  developed  on  the  top  of  the  seed  as  a  well  marked 
cord;  from  New  England  to  Missouri,  Nebraska  and  Texas;  F.  riparia  with  larger, 
incisely  dentate,  usually  sharply  3-Iobed,  glabrous  leaves,  larger  berries  in  small 
bunches,  raphe  slightly  visible  on  top  of  seed;  fh>ra  Canada  to  the  Rocky  mountains 
and  to  Texas;  V.  Arizonica  with  smaller,  broadly  cordate,  sharply  dentate  leaves, 
floocose  at  first,  glabrous  afterwards,  niiddlesizud  berries  in  small  bunches,  raphe 
more  or  less  indistinct  on  top  of  seed;  V.  Cali/urnica  with  middle-sized,  naiTOwIy  cor- 
date, broadly  dentate,  always  tomeutose  or  canescent  leaves,  small  berries  in  large 
bunches,  raphe  invisible  on  the  broad  seed ;  found  only  on  the  Pacific  slope,  ft*om  the 
Sacramento  valley  southward. 

The  fruit  of  V,  Arizoni^  belongs  like  that  of  V.  riparia  to  the  bettor  class  of  Ameri- 
can grapes;  while  that  of  the  two  others  is  scarcely  edible,  this  is  said  to  be  quite 
luscious,  and  will  in  time  no  doubt  ije  cultivated,  in  a  warmer  climate.  Dr.  Palmer's 
seeds  have  well  germinated  with  me,  but  the  vines  perished  in  the  climate  of  St.  Louis, 
after  a  lingering  existence  of  several  yeara.  The  seeds  show  a  remarkable  variability 
in  form  and  markings  so  as  to  weaken  to  some  extent  their  specific  value.  I  find  them 
generally  obtuse,  but  emarginate  ami  even  notched  on  top ;  the  chalaza  is  small  but 
usually  quite  prominent  and  is  narrowed  upwanls  into  the  raphe,  which  on  the  top  of 
the  seed  becomes  inconspicuous,  or  in  some  instances  remains  quite  promment. 

Dr.  Parry's  specimens  flrom  southwestern  Utah  are  distinguibhed  from  all  the  Ari- 
zona specimens  I  have  seen,  by  having  somewhat  lobed  leaves.  Tlieir  sterile  fiowers 
exhibit  the  usual  form;  longer  anthers  on  long  btraight  filaments,  which  in  the  bud  are 
infiexed;  in  the  feitile  flower-bud  -the  stamens  are  shorter  than  the  pistil,  the  filaments 
Btraight  and  scarcely  as  long  as  the  short  anthers,  and  alter  fecundation  recurred.  I 
coulil  discover  no  difl'erence  in  the  condition  of  ilie  pollen  of  both  kinds  of  flowers. 
This  seems  to  be  the  ordinary  form  of  the  fertile  flowers  in  our  wild  species,  and  in 
some  cultivated  ones,  while  some  other  stocks  bear  fertile  flowers  with  long  sUimens, 
thus  constituting  the  incompletely  polygamous  character  of  our  grape-vines;  purely 
pistillate  flowers  I  have  never  seen,  and  doubt  whether  they  exist.  — Dr.  G.  Enuel- 

MANK. 

No.  31.  Krameria  parvifolia 'B^wlYk. 

No.  82.  Polygala  nubapiaosa  Watson.    Am.  Nat.  Vol.  vii,  p.  299.    Cedar  City.    July. 
,^No.31.    Viciaexiffua  ^utt. 

M  No.  34.  Tri/olium  Kingii  Watson.  King's  Rep.  p.  69.  Intermediate  in  some  respects 
between  L.  Botanderi  Gray,  and  8.  Deckwithii  Brewer.  ^ 

^  No.  85.   Trifoliufn  eriocephglum  Gray.    Sheep  range,  Cedar  City.    July.  >  // 
-No. 36 and ^.  Hoiackiarigifla BenthyWarB. 
^  No.  37.  HosaclHa  rigiiUi  Benth. 
.^No.  39.  Hasackia  subpiimaia  Torr.  &  Gray. 

the  ordinary  occurrence  in  nil  our  grape-vines  with  the  exception  of  F.  Labrusea  and 
its  cultivated  varieties;  in  these  the  tendrils  are  cotitinuous;  i.  e.,  each  leiff  has  a  tend- 
ril opposed  to  it;  all  this  only  in  well-grrown  canes.  This  character  dlstlngidshes  at 
once  all  forms  of  Fitis  Labruaca,  Branchei  tendrils  are  found  in  all  our  species,  with 
the  exception  of  F.  vtUpinOt  which  bears  simple  tendrils. 
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•^  No.  40.  Dalea  Johntoni  Watson ,    King's  Rep.  p.  64. 

~-  No.  41.  Lupinus  pusiUua  Pursb.    An  unusually  robust  and  showy  form,  ft^quently 
branching;  4-8  inches  high. 
"^  No.  42.  Lupinus  brevicautU  Watson.    King's  Rep.  p.  53,  t.  7. 

—  No.  43.  Lupinus  (Platj/carpos)  SUeri  Watson.  Proc.  Am.  Acad.  vol.  x.  p.  846.  N. 
sp.  Low,  caulescent,  branching,  loosely  and  80flly  villous ;  leaflets  5,  oblanceolato  6-8 
liues  long, acutish,  smooth  above,  shorter  than  tlie  slender  petioles;  racemes  short,  few 
flowered,  on  elongated  peduncles  equalling  the  leaves;  pedicels  short,  scattered; 
bracts  shorter  than  the  calyx;  bractlets  linear;  calyx-lobes  herbaceous,  toothed,  3 
lines  long,  the  up|»er  a  little  shorter;  petals  light-purple,  3-1  lines  long;  pod  4-4  lines 
long;  seed  a  line  or  more  broad. 

An  interesting  addition  to  this  section  of  the  genus,  distinguished  readily  ftom  L. 
puiillus,  by  \U  more  slender  habit,  softer  pubescence,  and  capit:it«  long-peduncled  ra- 
cemes.   Washington  Co.,  S.  Utah  (A.  L.  Siler,  1873);  Lonia  on  the  Rio  Grande,  8.  Col- 
orado (195  WoIO-    S-  Watsox.    Pine  valley,  8.  Utah  (Parry  1874). 
"*►  No.  44.  Astragalus  eriocurpus  Watson.    King's  Rep.  p.  71. 

—  No.  45.  Astragalus  arrectusKjvny,    Beaver  dam  Mts.    May.  *  -.\ 
^   No.  45-ltf.  Astragalus  cyantus  Gray.    PI.  Fendl.  p.  34.    This  species  seems  to  bo  well 

distinguished  from  A.  Shortiaiius,  to  which  it  lias  been  refened,  by  the  legumes  which 
are  broadest  near  the  middle  and  more  or  less  attenuate  into  the  calyx  especially  when 
immature,  and  by  the  n.irrower  oblong  acutish  leaflets.    In  A.  Shortianus  the  wider 
pod  is  rounded  at  base  and  strictly  sessile,  the  leaves  suborbicular,  mostly  obtuse  or 
retuse,  and  the  pubescence  of  the  calyx  not  closely  appressed  as  in  the  other.   A.  ShoT' 
iianus  has  been  collected  in  the  mountains  of  Colorado;  A.  eyanetti  In  New  Mexico 
and  Arizona.    8.  Watson. 
-»   No.  47.  Astragalus  atratus  Watson.    King*8  Rep.  p.  09, 1. 11. 
^  No.  48.  Astrtigalusdiphysua  Gray.    Cedar  City.    July. 
.   No.  50.  Astragalus  Nuttallitinus  DC.  Var.  cantscens. 
p,  Ho,  il.  Astragalus  megacatpas  Gray,  Vnr.    Cedar  City.    July. 
-  No.  52.  Astragalus  lonchocarptu  Gray.    Cellar  City.    July.  ^ 

No.  53.  Astragalus  Sonora  Gray.    Cedar  City.    July. 

No.  54.  Astragalus  Kentrophgta  Gray.    Cedar  City.    July. 
—No.  55.  Oxytropis  campestris  L.    High  mountains  near  Cedar  City.    July. 

No.  56.  l*run%is  {Emp:ectocladus)  fasciculeUa  Gray,  Proc.  Am.,Ac>ad.  Vol.  x,  p.  70. 
EmplectockKius/tufciculaius,  ToiT.  PI.  Freui.  in  Smith's  contr.  p.  10,  t.  5.  Abundant  on 
all  rocky  slopes  in  the  valley  of  the  Virgen ;  fl.  April ;  tv.  June,  popularly  known  in 
this  section  as  *'  the  wild  almond." 

No.«57.  Coleogj/ne  ramosissima  ToiT.  PI.  From,  m  Smllh^s  Contr.  p. 8,  t.4.  Flowering 
in  May,  fV-uiting  in  June.  A  very  common  shrub  on  the  hills  near  St.  George;  foliage 
deep  green;  flowers  bright  yellow,  copious.  The  mature  ft*uit  is  said  to  be  greedily 
browsed  on  by  theep  who  thrive  on  it. 

No.  68.   Cercocarpus  ledifoUus  Nutt.  , 

No.  59.  Cercocaipus  intricatuSf  n.  sp.  Watson,  Proc.  Amer.  Acad.  vol.  x,  p.  346.  CC. 
breviflorus  of  King's  Rep.,  p.  8J,  not  of  Gray).    Cedar  City.    July. 

No.  GO.  Cowania  Mexieana  Don. 
•  No.  01.  Heuchera  rubescens  Torr.    Stansb.  Rep.,  p.  388,  t.  5. 

No.  02.  nibe*  viscosissinum  Pursh.    Pine  Valley.    June. 

No.  63.  (Eiiutheraalbicttulis  ^utX.y  vaT.(,?)<lecumbens.  Low,  sending  out  ft-om  the  base 
decumbent  naked  branches;  leaves  oblong-lunceolate,  pctiuled,  sinuate,  dentate;  com- 
mon in  dry,  sandy  soil  near  St.  George.  -  Watson. 

No.  64.  (Enothera  Johnsoni  n.  sp.  Resembling  (E.  primieerisy  but  the  flowers  large 
and  yellow,  and  the  stigmas  elongated.  Pctcils  one  inch  long,  the  cnlyx-tube  equalling 
or  exceeding  the  leaves;  capsules  0-12  lines  long,  somewhat  4-angled,  sti-ongly  nerved, 
not  crobted.  Common  on  all  dry  hills  near  St.  George.  Dedicated  to  I.  £.  John- 
son, Esq.  .  ^<^'^ 

No.  72.  (Enothera  (Chylismia)  Parryi,  n.  sp.  Low,  diffusely  branched  fVom  the  base, 
vUlous  with  spreading  hairs;  steins  leafy;  leaves  ovate  to  oblong-lanceolate,  \-l  inch 
long,  sutHSinuately  toothed,  cuncate  or  sometimes  cordate  at  base,  upon  a  slender,  often 
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elongated  petiole;  the  slender  branches  and  petioles  subtended  by  small  sessile  bracts; 
flowers  deep  yellow  or  orange,  occasionally  spotted  with  red  inside,  3-4  lines  broad; 
calyx-tube  i  line  long,  narrow,  Ihe  tips  of  the  lobes  not  free;  capsule  smooth,  4-^  lines 
long,  ascending  upon  tlie  more  or  less  deflexed  slender  and  often  elongated  pedicel.— 
Distinguished  fVom  any  form  of  (E.  icapoidea,  by  its  smaller  capsules,  more  deflexed 
pedicels,  bright  yellow  flowers  and  peculiar  hubic.  Abundant  in  bai-e  gypseous  clay 
hills  near  St.  George;  fl.  May.— S.  Watson. 

No.  73.  CEnoihera  brevipes  Gray.  Very  variable  In  size,  IVom  4  to  18  inches  high. 
Bocky  bill-sides  near  St.  George ;  fl.  May. 

No.  74.  (Eiwthera  brevipes  Gray,  var.  pirrijlora.  Of  a  much  more  branching  habit 
than  the  pVeceding;  the  leaves  more  distinctly  pinnate;  InfloreFcencc  more  slender; 
flowers  pale  yellow,  the  petals  2-3  lines  long.— S.  Watson. 

No.  75.  Petalonyx  Purryi,  n.  pp.  Gray,  Proc.  Amcr.  Acad.,  vol.  x,p.73.  Frutesccnt, 
branches  Icaly  up  to  the  condensed  spicate  heads  of  flowers;  lower  leaves  ublong  or 
spatulale,  entire,  sub-sessile,  upper  ones  larger,  rhomboid  obovate  or  ovate,  crenjite, 
acute  at  base,  short  petiolate;  lobea  of  jthe  calyx  linear,  twice  as  long  as  the  ovary, 
a  little  shorter  than  the  yellow  unguiculate  petals.  Closely  resembling  P.  nitidus 
Watson,  of  southern  Nevada.  A  low  branching  suflfrutescent  plant  with  copious  re- 
mains  of  dead  stalks  and  faded  leares  of  a  pearly  white  color.  Found  at  only  a  single 
locality  near  St.  George;  fl.  June. 

No.  70.  Afentzelia  muliifiora  Nutt.    The  common  form. 

No.  77.  Meniztlifi  muUiflora^n\,%.    Var. 

No.  78.  Mentzclia  muliifiora  Nutt.    Var.  ( ?).    See  above  page  19. 

No.  79.  Mfntz^ia  ( h.ucnide)  uren$  Parry.  Gray,  Proc.  Amer.  Acad.,  vol.  x,  p.  71. 
Sub-erect,  branching,  very  hispid  with  stinging  bristles  intermixed  with  smaller,  many- 
barbed  hairs;  leaves  orbicular,  unequally  sub-dentate,  pennlnerved,  lower  petiolate, 
upper  sessile,  partly  clasping  at  the  ba^e;  peduncles  and  pedicels  short,  sub-corym- 
bose; flowers  large,  petals  ligfit  yellow,  obovate,  mucronate,  often  tipped  with  a  small 
tuft  of  hairs,  nearly  twice  as  long  as  the  lanceolate  lubes  of  the  persistent  calyx,  decid* 
nous  at  maturity  in  a  single  piece  with  the  very  numerous  stamens  and  united  filaments 
forming  an  internal  corona.  Sub-pendent  ft-om  crevices  of  perpendicular  sandstone 
rocks  on  the  Santa  Clara ;  fl.  June. 

Mentzelia  ( Bartonia)  iricwpi$  n.  sp.  A  span  high,  rather  stout,  sparsely  hispid  with 
slender,  simple  bristles,  and  roughi>h  with  the  shorter  and  peculiar  pubescence  of  the 
group;  leaves  petiuled,  oblunglanceolate,  acute  or  acuminate,  sinuatcly  pinnatlfld- 
toothed;  flowers  very  fehoi-t-peduncled,  large;  calyx  bractcolate,  its  lanceolate  subu- 
late lobes  about  the  length  of  the  turbinate  tube,  and  hnlf  the  length  of  the  5  spatulate- 
obovate,  ligt^t  yellow  petnl^^;  stamens  very  numerous,  all  neaily  alike  and  anthiferous, 
rather  shelter  than  the  calyx;  fllaments  nan-owly  linear,  slightly  dilated  npwurtlf», 
white  with  an  orange  colored  base  near  the  tiicu>pidate  apex,  the  subulate  lateral 
cusps  sterile,  and  twice  the  length  of  the  middle  one,  which  bears  the  obloi  g-liuear 
anther;  style  2-cIeft;  ovules  pretty  numerous,  apparently  in  two  series  on  each  pla- 
centa. Apparently  annu:il,  only  a  single  specimen  brought  by  the  mail-rider  tVom  the 
desert  dlstncts  south  of  St.  George.    May.— A.  Gray. 

No.  80.  Cymopterut purpureut  Watson.    All.  Nat.,  vol.  vii,  p.  300. 

No.  81.  Myrrhi*  occidentalU  Benth.  ft  Hook.    High  mountains  near  Cedar  City.  July. 

No.  82.  Ligustieum  ic*>pulorum  Gray.  Proc.  Am.  Acad.,  vol.  vii,  p.  347.  Elevated 
sheep  ranges  of  the  Wahsatch  ngar  Cedar  City ;  July.  The  remarkable  persistence  of 
this  species  in  the  locality  indicated,  where  it  is  found  covering  extensive  tracts  to  the 
exciusion  of  other  more  nutritious  vegetation  —  one  of  the  few  native  plants  that  can 
maintain  and  even  extend  its  foothold  under  the  usually  destructive  agency  of  sheep 
grazing— is  very  suggestive  in  its  l»earing  on  the  question  of  the  modil^'ing  influence  of 
cultivation  and  settlement  on  the  native  vegetation  of  any  newly  occupied  district.  A 
somewhat  similar  condition  of  things  in  eouthei-n  Colorado  has  lattdy  given  lise  to 
actual  wai-fhre  between  sheep  and  cattle  herders,  the  latter  contending  that  the  intro- 
duction of  f  heep  and  close  gcazing  favors  the  growth  of  plants  poisonous  to  cattle. 

No.  83.  Piuceditnum  Netcberrjfi  Watson.    Am.  Nat.,  vol.  vii,  p.  301. 

No.  84.  Cymopterus  ieTebinthinus  Torr.  ft  Gray. 
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No.  85.   Pcucedanum  macrocarpum  Xutt. 

No.  86.  GaUum  acuiisnmum  Gray.    Dry  rooky  f lopes  on  the  Snnta  Clara. 

.   /Julium  multiflorum  Kellogg.    Mountains  near  Cedar  City. 

No.  87.  Symphoricarpue  longifioru»  Gray.  Reris.  Symph.  Jour.  Linn. Soc.,  vol.  xIt^  p. 
12.  A  f-Ionder,  Intricately  branching  Abnib  wilh  small  leaves  and  long  slender  corolla, 
white,  tinged  with  pink;  2-^  feet  high;  abundant  among  shaded  rocks  adjoining  the 
Vlrgcn;  fl.  June. 

No.  88.  Symphoricarput  oreophilus  Gray.  Revis.  Symph.  Jour.  Linn.  Soc.,  vol.  xiv. 
p.  12.    Mountains  near  Cedar  City.    July. 

No.SJ).  UHckcHialini/olia  D.C'Eiiton.    King's  Rep.,  p.  i:^,  1. 15.   Cedar  City.   July. 

No.  90.  JiricktUia  atractyloitleM  Gray.    Proc.  Am.  Acad.,  vol.  vili,  p.  200.   , 

No.  01.  Aster  tortiJbUuB  Gray.  Troc.  Am.  Acad.,  vol.  vii,  p.  353.  A  coiSimon,  large- 
flowei^,  pale  blue  species,  growing  in  rook-crevices  near  St.  George;  11.  May. 

No.  92.  Erigeron  liellidiastrttm  Xutt. 

No.  03.  Erigeron  ttenophyUumf  var.  ietrapieurvm  Gray.  Very  showy  with  its  Ugfat 
blue,  copious  rayed  flowers,  growing  iu  crevices  of  sand6to..e  rocks  near  St.  George; 
fl.  June. 

No.  04.   Towniendiastrigosa  iintt.    Cedar  City.    July. 

No.  15.  Solidago  pumiUi  Nutt.    Cedar  City.    July. 

No.  96.  Acamptopappu*  aphmnocephalus  Gray.  Proc.  Am.  Acad.,  vol.  ylli,  p.  634; 
ToiT.  in  Pacif.  B.  R.  Expl.,  vol.  vii,  p.  12,  t.  6.  Common  on  dry  hills  near  St.  George; 
fl.  June. 

No.  07.  Jplcpnppus  linearifoliM  DC.    Sandstone  rocks'on  the  Santa  Clai-a.    May. 

No.  98.  Franseria  dumosa  Gray.  Abundant  near  St.  George.  When  in  Aill  bloom,  in 
Blay,  tlic  abundant  pollen  discharged  a<;ts  as  an  irritaot  sternutatory.' 

.    Franseria  eriocenira  Gi-ay.    Proc.  Amer.  Acad.,  vol.  vii,  p.  365.    A  shrub  8- 

4  feet  high ;  only  late  fruiting  si)ecimen8  collected.    June. 

No.  00.  Hymenoclia  Salsola  Ton-.  &  Gray.  PI.  Fremont,  in  Smith's  Contrib.,  vol.  vi, 
p.  14,  t.  8. 

No.  100.  Mbnopiilon  b<Uid{/brme  Torr.  &  Gray.  Joum.  Bost.  Soc.  Nat.  Hist.,  vol.  v, 
p.  106.  t.  13.  Only  before  known  fi'om  a  single  Frcmoutian  specimen.  St.  Geoiige; 
fl.  May. 

No.  lul.  ChctnactU  macraniha  D.  C* Eaton.    King's  Rep.,  p.  171, 1. 18. 

No.  102.  Cktenactis  ttevioides  11.  ft  A.    St.  George.    May. 

No.  10;{.  ChanadU  ctirphocHnia  Gray.    Bot.  Mex.  Bound.,  p.  94. 

No.  104.  Acfinoiepis  lanosa  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  198,  note.. 

No.  105.  Actinolepis  Wdflacei  Gray.    Proc.  Am.  Acad.,  vol.  ix.  p.  198,  note. 

No.  lO"}.  SyiUriohopnppus  Fremontii  Toit.    Pacil.  R  B.  Rep.,* vol.  iv,  p.  108, 1. 15. 

No.  107.  Hymenopappus  lutctis  Nutt.    Pme  Valiey.    June.  * 

No.  108.  TheUsiterma  subsimplh  ifolium,  var.  tcapomm  Gray.  Bot.  Mex.  Bound.,  p. 
Pine  Valley.    June. 

No.  109.  Theksperma  tubntidHm  n.  sp..  Gray.  Proc.  Am.  Acad.,  vol.  x,  p.  72.  Low, 
short-lcaO'  ^om  a  much  divided  perennial  base;  leaves  thickened,  ligid.  1-2-temate, 
segments  shoit,  lliiear4anccoIate  or  oblancoolate ;  peduncles  simple,  scaplform,  aboat 
a  span  high,  ntys  none:  auhenia  smooth,  surmounted  by  an  obtuse  4-^  toothed  naked 
ooronn.    Cedar  City.    July. 

No.  110.  GymtiolomiaNuttalU  Gv:iy,    Pine  Valley.    June. 

No.  111.  Actinella  Richardsonii  Xutt.    Var.  ( ?).    Pine  Valley.    June. 

No.  112.  Lnyia  gUtnduhsa  H.  &  A.    Bot.  Beech.,  p.'S58. 

No.  113.   Tesst.ria  loretdU  T.  ft  Gr.    PI.  Fendl.,  p.  75;  Sitgr.  Rep.,  t.  5. 

No.  lit.  Psalhyrotes  annua  Gray.    PI.  Wright,  pan  2.  p.  100. 

No.  115.  Piulhyrotes  ramosUsima  Gray.  Proc.  Am.  Acad.,  vol.  vii,  p.  363,  note.  Up- 
per and  lower  surface  of  the  leaves  t^curfy  pubescent;  the  edges  of  the  leaves  and  pe- 
tioles closely  set  with  ciliate  Jointed  hairs,  looking  under  a  len.«  like  a  string  of  beads. 
These  swollen  glandular  portions  contain  the  aromatic  resinous  oil  that  gives  the  pe- 
culiar heavy  odor  to  all  the  species  of  this  genns,  being  most  marked  is  this  par- 
ticular one. 

Psathyroies  Schottii  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  206.    A  single  spec)- 
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men  br  this  well-marked  species  was  brought  by  the  mail-rider  fVom  the  lower  valley 
of  the  Virgen. 

No.  116.  Baileyn  pleniradtata  Harv.  &  Gray.    PI.  Fendl.,  p  105. 

No.  117.  Stjflodine  micropoidet  Gr^y,    PI.  Wright.,  part  2,  p.  81. 

No.  1 18.   Tetradymia  spinosa  H.  &  A.         ^ 

No.  119.  Tetradymia  glabrai<t  Torr.  &  Gray.  Pacif.  R.  Bep.,  toI.  ii,  p.  122,  t.  5.  Sevier 
Valley. 

No.  120.  OaiUardia  acaulU  n.  sp.  Gray^  Proc.  Am.  Acnd..  vol.  x,  p.  73.  Low,  peren- 
Dial,  pUbernlent;  leaves  much  crowded  on  the  thickened  caudcx,  slightly  fleshy,  obo- 
vate,  petlolate  with  undulute  oi  sub-dentate  margins;  scape  naked,  less  than  a  span 
high,  monocephalous ;  involucre  shorter  than  the  disk,  outer  scales  ovate-oblong,  inner 
lanceolate,  slenderly  acuminate;  flowers  of  the  ray  and  ditk  yellow;  chafl"  of  the  re- 
ceptacle Short,  ovate-subulute ;  lobes  of  the  disk-flowers  tria^guIar-ovate,  somewhat 
obtuse ;  scales  of  the  pappus  9,  ovate-oblong,  pointed.— Gypseous  clay  hills  near  Cedar 
City.   July. 

Nos.  121, 122.'  GaiUardia  pinnatifida  Torr. 

No.  123.  Smecio  DouglaHi  DC^,  var.  ( ?). 

No.  124.  Artemisia  trifida  Nutt.    Valley  of  the  Sevier.    July. 

No.  125.  Dicoria  eanescene  Torr.  A  Gray.  Bot.  Mex.  Bound.,  p.  86,  t.  30.  Only  a  few 
immature  plants  obtained,  showing  it  to  bo  an  annual,  apparently  flowering  in  August 
or  September. 

No.  126.  Cnicus  undulatus,  var.  caneecens  Gray.    Proc.  Am.  Acad.,  vol.  x,  p.  42. 

No.  127.   Cnicus  Arizonicus  Gray.    Proc.  Am.  Acad.,  vol.  x,  p.  44.    Cedar  City.    July. 

No.  128.  Lygodesmia  grandifiora  Torr.  &  Gray.  Gray,  Proc.  Am.  Acad.,  vol.  Ix,  p.  217, 
note.    Cedar  City.    July. 

No.  129.  OlyptopUura  eetulosa  Gray.  Proc.  Am.  Acad.,  vol.  ix,  p.  211.  Biennial;  fl. 
May.    See  above,  Am.  Nat.,  vol.  Ix,  p.  20. 

No.  130.  Malacothrix  CouUeri  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  213,  note. 

No.  131.  Malacothrix  sonchoides  Torr.  &  Gray.    Gray,  Proc.  Am.  Acad.,  vol.  ix,  p.  214. 

.    Malacothrix  platyphylla  Gi'Ay.   Proc.  Am.  Acad.,  vol.  ix,  p.  214,  note.    Lower 

valley  of  the  Virgen ;  May. 

No.  132.   Stephanomeria  Thurberi  Gray,  var.  nana.    PI.  Thurber,  p.  326. 

No.  133.  Lygodesmia  exigua  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  217,  note;  fl.  June. 

No.  134.  Stephanomeria  exigua  Nutt.    Torr.  &  Gray,  flora,  vol.  2,  p.  473. 

No.  135.  Troximon  aurantiacum  Hook.  Fl.  Bor.-Am.,  vol.  i,  p.  300,  t.  104.  Pine 
valley.   June. 

No.  136.   Calycoseria  Wrightii  Gray.    PI.  Wiight.    Part  2,  p.  lOt,  1. 14. 

No.  137.  Mai  tcothrixVotrr^  Gray.    Proc.  Am.  Acad.,  vol.  Ix,  p.  213,  note;  fl.  April. 

No.  Vi9.  Rafinesquu/^eo-Mexicana  Gray.    PI.  Wright,  part  2,  p.  103;  fl.  April. 

No.  130.  MicroaeriM  ptacrochteta  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  211,  note. 

No.  140.  Microieria  linearifolia  Gray.    Proc.  Am.  Acad.,  vol.  ix,  p.  211,  note. 

No.  141.  Perezia  mivrocephala  DC.    Dry  rocky  slopes  near  St.  George;  2-8  feet  high 
fl.  June. 

No.  142.  Encelia  CaHfomica  Nutt.,  var.  ( ?). 
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THE    INVERTEBRATE    CAVE    FAUNA  OF    KENTUCKY 
AND   ADJOINING    STATES. 

BY    A.    S.    PACKARD,  JR. 

I.  ARANEINA. 

In  an  article  on  the  insects  and  crustaceans  of  Mammoth  Cave, 
based  on  specimens  obtained  by  Messrs.  F.  W.  Putnam  and  C. 
Cooke,  published  in  1871  (American  Naturalist,  vol.  5),  I 
expressed  the  hope  that  thorough  zoological  explorations  of 
Mammoth  Cave  would  be  made  by  a  state  commission  or  by  per- 
sons acting  under  the  authority  of  the  state.  This  hope  has  been 
fully  realized.  Since  the  publication  of  the  "Mammoth  Cave  and 
its  Inhabitants,"^  the  new  geological  survey  of  Kentucky  has  been 
instituted,  under  the  charge  of  Prof.  N.  S.  Shaler,  who  invited 
Mr.  Putnam  and  myself  to  explore  the  caves  of  Kentucky  under 
the  auspices  of  the  survey.  Accordingly,  during  portions  of  the 
months  of  April  and  May,  1874,  I  examined  Mammoth  Cave  and 
several  adjoining,  i.  e.,  White's  Cave,  Dixon  Cave,  Diamond  Cave 
and  Proctor's  Cave,  in  company  with  Prof.  Shaler  and  Mr.  F.  G. 
Sanborn*  assistant  on  the  survey,  and  subsequently  Mr.  Sanborn 
explored  these  and  Carter  caves.  In  company  with  Prof.  Shaler, 
I  also  made  a  slight  examination  of  the  four  Carter  caves'.  Fully 
appreciating  the  importance  of  the  subject  of  cavern  life  and  of 
comparing  tte  fauna  of  different  caves,  Prof.  Shaler  invited  me  to 
visit  Wyandotte  Cave,  and  the  Bradford  caves  in  Indiana.  The 
Bradford  caves  I  visited  in  company  with  Dr.  John  Sloan,  of 
New  Albany,  Ind.,  Who  had  already  examined,  with  ranch  success, 
many  of  the  small  caverns  in  southern  Indiana.  His  observations 
on  the  temperatures  of  the  caverns  of  his  state  are  of  much  inter- 
est, and  will  be  published  in  a  succeeding  paper.  The  collections 
made  by  him  and  contained  in  the  Museum  of  Natural  History  of 
New  Albany  were  also  examined,  and  he  has  kindly  sent  me  other 
material.  On  my  return  I  examined  Weyer's  Cave  and  adjoining 
Cave  of  the  Fountains  near  Staunton,  Virginia,  and  discovered 
about  twenty  forms,  where  before  none  were  known  to   inhabit 

1  By  A.  S.  Packard,  Jr.  and  F.  W.  Putnam,  8vo.  pp.  62.    With  two  plates  and  cots. 
Salem,  1872. 
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those  caves.  In  the  autumn  Mr,  Putnam  made  a  thorough  explo- 
ration of  Mammoth  Cave.  These  papers  ai'e  accordingly  based  on 
material  collected  by  him,  Prof.  Shaler,  Mr.  Sanborn,  Mr.  Cooke, 
Dr.  Sloan  and  mj'self. 

Mr.  Emerton  kindly  identified  and  described  the  spiders  of  the 
caves,  and  his  paper  and  drawings  accompany  this  articled  The 
Coleoptera  have  been  identified  by  Dr.  LeConte,  the  Diptera  by 
Baron  Osten  Sacken,  and  the  only  Neuropterous  Insect  found,  an 
immature  Psocus,  has  been  figured  and  identified,  so  far  as  it 
could  be,  by  Dr.  Hagen. 

Without  at  this  time  speaking  of  the  physical  aspects  of  the 
caves,  I  may  say  that  the  life  of  tlic  caverns  is  much  more  abund- 
ant than  I  had  supposed  from  the  accounts  given  by  others.  The 
spiders  were  found  not  infrequently  in  all  the  caverns  mentioned 
in  the  notes  appended  to  Mr.  Emerton's  descriptions.  .  I  should 
say  that  the  spiders  were  equally  abundant  in  Mammoth  and  Wy- 
andotte caves,  but  they  were  most  abundant  in  Weyer's,  where 
three  species  occurred  They  were  next  commonest  in  the  Carter 
caves.  These  are  small  caverns,  none  more  than  a  mile  in  ex- 
tent ;  but  it  is  interesting  to  observe  that  in  Mammotlrand  Wy- 
andotte caves  respectively,  both  between  five  and  seven  or  eight 
miles  in  extent,  so  far  as  rude  measurements  show,  there  was  but 
a  single  species.  The  following  table  shows  the  distribution  of 
the  six  species  of  true  cave  spiders ; 


MAMMOTH. 

WYANDOriK 

BBADFOBD. 

CABTSR. 

WETBR'8. 

Anthrobia 
mammouUiia 

Linyphia 
subterranea 

?Ne6ticusCarteri. 

Nesticus  Carter!. 
Linyphia  subierranca. 
Linyphia  incerta. 

Nesticns  pallidas. 
Linyphia  Weyeri. 
Linyphia  incerta. 

It  will  be  seen  that  the  two  lai'gest  and  consequently  most  an- 
cient caverns,  Mammoth  and  Wyandotte,  and  in  which  the  pliys- 
ical  environment  of  the  species  is  most  unvar3'ing,  have  but  one 
species  each.  The  Anthrobia  mammouthia  is  only  found  in  Mam- 
moth, and  the  small  caverns,  i.  c.  Diamond  and  Proctor's,  situated 
about  five  miles  from  it.  No  other  species  occurred  in  these 
smaller  caves.  The  only  spider  found  in  Wyandotte  Cave  was  the 
Linyphia  subterranea,  which  also  occurred  in  the  Carter  caves. 
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while  in  the  Bradford  Cave 'occurred  a  Nesticas  thought  by  Mr. 
Emerton  to  be  identical  with  Nesticus  Carteri.  The  Carter  caves 
and  Wejer's  caves  are  small  caverns,  all  perhaps  less  than  half  a 
mile  in  length,  with  the  exception  of  Bat  Cave  which  is  perhaps 
over  a  mile  in  length ;  the  distances  are  uncertain,  these  caverns 
winding  about  very  irregularly  and  their  length  is  only  estimated 
by  guesswork. 

It  is  in  the  small  caverns  of  Carter  County,  Kentucky,  and  the  two 
Weyer's  caves  (Weyer's  and  the  adjoining  Cave  of  the  Fountains) 
which  are  often  but  a  few  (less  perhaps  than  a  hundred)  feet  below 
the  surface,  that  the  variation  and  number  of  species  is  greatest. 
In  each  set  of  caves  there  are  thi'ee  species,  to  one  in  Mammoth  and 
Wyandotte  caves.  I'he  individual  variation  was  the  greatest  in 
Nesticus  j!>aZ^idu8,  and,  as  might  be  suspected,  in  the  eyes.  The 
degree  of.  variation  is  indicated  in  Mr.  Emerton's  description. 

The  spiders  occurred  more  abundantly  in  all  the  caves  than  we 
expected.  The  individual  abundance  was  greater  in  the  smaller 
caverns,  especially  the  Weyer's  caves,  than  any  others.  In  the 
Mamtnoth  Cave  the  Anthrobia  occurred  under  stones  in  dr^'  but 
not  the  driest  places,  on  the  bottom  at  different  points  in  the  cave. 
Sometimes  two  or  three  cocoons  would  be  found  under  a  stone  as 
large  as  a  man's  head.  The  cocoons  were  orbicular,  flattened,  an 
eighth  of  an  inch  in  diameter,  and  formed  of  fine  silk,  and  con- 
tained from  two  to  five  eggs.  They  occurred  with  eggs  in  which 
the  blastodermic  cells  were  just  formed,  April  25th.  The  eggs 
were  few  in  number  and  seemed  large  for  so  small  a  spider,  being 
fS^(y  inch  in  diameter.  The  chorion  is  very  thin,  and  finely 
speckled.  The  blastodermic  cells  seemed  very  large,  the  largest 
measuring  nearly  Y^ins  ^^^^^  ^^  diameter.  They  were  round,  not 
closely  packed  and  showing  no  indications  of  being  polygonal. 
They  all  had  a  dark,  very  distinct  nucleus.  I  was  unable  to  trace 
the  development  of  the  young,  and  ascertain  if  the  embryos  are 
provided  with  rudimentary  eyes.  Two  young  Anthrobice  hatched 
out  May  8d  in  my  room.  The  whole  body,  including  the  legs  is 
snow  white,  with  the  legs  much  shorter  than  in  the  adult.  The 
adult  in  life  is  white,  tinged  with  a  very  faint  flesh  color,  with  the 
abdomen  reddish,  in  some  specimens  the  abdomen  has  beneath 
several  large  transverse  dusky  bands.  The  Linyphia  subterranea, 
as  observed  living  in  Wj-andotte  Cave,  is  pale  pinkish  horn-brown 
on  ttie  thorax  and  legs,  while  the  abdomen  is  dull  honey-yellow. 
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What  constitutes  the  food  of  these  diminntive,  weak,  sedentary 
spiders,  I  cannot  conjecture,  unless  it  be  certain  minute  delicate 
mites  or  young  Podurse.  They  spin  no  web,  though  some  of  the 
spiders  in  Weyer's  Cave  (Cave  of  the  Fountains)  do  spia  a  weak, 
irregular  web,  consisting  of  a  few  threads.  The  Sciarse  and  Chiro- 
nomus  are  too  large  and  bulky  to  be  captured  by  them.  The  prob- 
able insufficiency  of  food  as  well  as  light,  may  account  for  their 
small  size  and  feeble  reproductive  powers.  The  individuals  were 
far  less  numerous  than  those  of  the  Acanthocheir  and  Chelifers. 

The  distribution  of  Cave  Araneina  in  the  middle  states,  is  par- 
alleled by  that  of  the  other  insects,  as  we  shall  see  in  subsequent 
papers.  The  other  Arachnidans  follow  much  the  same  law.  So 
with  the  Myriopods.  The  Spirostrephon  (Scoterpes)  cavemarum^ 
of  Wyandotte  Cave  occurs  abundantly  in  the  Carter  caves,  but  not 
in  Mammoth  Cave,  which  is  so  much  nearer  Wyandotte  Cave.  The 
common  myriopod  of  Weyer's  Cave,  on  the  other  hand,  is  closely 
allied  to  SpirostrepJion  Copei^  but  much  less  hairy. 

I  may  here  anticipate  a  fact  which  I  shall  bring  out  more  fully 
in  a  subsequent  paper  and  which  has  an  important  bearing  on  the 
derivative  theory.  I  found  in  the  Carter  caves  several  specimens 
of  S*  cavemanim  which  were  reddish-brown,  and  had  apparently 
larger  eyes  than  the  normal  white  examples  characteristic  of  the 
Carter  and  Wyandotte  caves.  I  regard  it  as  extremely  probable 
that  this  reddish  race  has  not  been  established  long  enough  in  the 
cavern  to  lose  its  original  brown  color.  We  here  see,  in  fact,  a 
cave  species  in  process  of  formation,  and  I  regard  this  as  one  of 
several  facts  which  I  hope  to  offer  in  subsequent  papers,  tending 
to  prove  that  nearly  all  the  cave  animals  are  modified  forms  living 
at  the  present  day  out  of  doors.  In  all  the  caves  examined,  except 
Mammoth  and  Wyandotte,  living  Pulmonate  mollusks  occurred. 
The  large  dead  snail  shells  I  found  on  the  banks  of  the  river  Styx 
in  Mammoth  Cave,  must  have  been  carried  in  dead  by  fioods  from 
the  Green  River  or  through  fissures  from  above. 

Every  vegetable  was  carefully  preserved.  The  common  plant 
found  in  Mammoth  Cave  has  been  identified  by  Prof.  Farlow  as 
the  old  By88U8  aurantiaca^  now  known  under  the  name  of  Ozonium 
auricomvm  Link.  Prof.  Farlow,  who  kindly  identified  the  cave 
plants,  says  that  it  is  '^  found  in  caves  on  wood  in  Great  Britain, 
Germany,  etc.,  and  has  been  found  in  Michigan  and  elsewhere  by 
Schweinitz.    As  far  as  I  know  it  is  simply  the  mycelium  of  some 
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unknown  fungue."  A  young  Peziza  occurred  in  Weyer's  Cave,  it 
was  not  in  fruit,  was  colorless,  and  impossible  to  determine  spe- 
cifically.    A  colorless  Agaric  also  occurred  in  Weyer's  Cave. 

The  temperature  of  Weyer's  ^ave  on  May  18th,  was  Db°-b6° 
Fahr.  for  both  water  and  air;  that  of  Zwingle's  and  Bat  Cave 
(Carter  caves)  was  ascertained  by  Prof.  Shaler  to  be  48**  for  the 
water.  Dr.  Sloan  ascertained  the  temperature  of  the  brook  in 
Bradford  Cave  to  be  55**  on  May  9th.  The  temperature  of  Mam- 
moth Cave  is  59°  the  year  around,  according  to  Prof.  B.  Silliman. 
Mr.  H.  W.  Conrad,  proprietor  of  Wyandotte  Cave,  informs  me 
that  the  temperature  of  Wyandotte  Cave  varies  from  54**  to  57"* 
F. ;  that  of  Little  Wyandotte  Cave  in  April  is  50°. 


NOTES   ON  SPIDERS   FROM  CAVES  IN  KENTUCKY, 
VIRGINIA  AND   INDIANA. 


BT  J.   H.    EMERTON. 


The  collection  of  cave  spiders  contained  about  one  hundred 
specimens  of  eleven  species.  Two  species  were  found  only  about 
the  mouths  of  caves.  These  are  TJieridion  vulgare  Hentz,  a 
spider  found  all  over  the  country  in  shady  places,. and  a  large 
species  of  Meta,  which  has  been  found  in  similar  situations  in 
Massachusetts  and  New  Hampshire,  and  resembles  Epeira  fusca 
Blackwall.  One  young  spider  allied  to  Tegenaria  was  taken  in 
Fountain  Cave,  Virginia,  and  four  specimens  of  a  species  of  the 
same  family  were  found  in  small  caves  in  Carter  county,  Ken- 
tucky; all  were  immature  except  one  female,  and  none  showed 
any  subterranean  character.  The  remaining  six  species,  all  be- 
longing to  the  Theridiidce^  were  found  in  considerable  numbers  in 
the  larger  caves  where  there  is  little  or  no  light  and  the  climate 
is  little  affected  by  outside  changes.  One  species  of  Linyphia 
from  Weyer's  Cave,  Virginia,  has  the  eyes  of  the  normal  size  and 
number,  and  the  colors^  and  markings  of  some  specimens  are  as 
bright  as  on  spiders  of  the  same  family  living  in  cellars  or  shady 
woods.  The  other  five  species  are  all  pale  in  color  and  show  some 
unusual  condition  of  the  eyes,  thi*ee  species  having  the  front  mid- 
dle pair  very  small,  one  having  all  the  eyes  small  and  colorless. 
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with  the  front  middle  pair  wanting  in  the  males  and  some  females, 
and  one  species  being  entirely  without  eyes.  Following  are  de- 
scriptions of  the  last  six  species. 

Nt»ticu9  paUiduB  n.  sp.— Plate  1,  Figs.  22-27.  Cephalothorax  and  legs  pale  orange- 
brown,  abdomen  yellowi£h*white  with  brown  hairs.  Length  of  female  3.5  mm.  Ce- 
phalothorax IJS  mm.  long  and  nearly  as  brond,  little  elevated  in  ft'ont;  three  lines  of 
hairs  fh>tn  the  eyes  to  the  dorsal  pit.  Front  middle  eyes  black  and  half  as  large  as  the 
others,  nearly  touching  each  other.  Rear  middle  eyes  separated  fVom  each  other  by 
their  diameter  and  fVom  the  Hront  middle  eyes  by  half  that  distance;  lateral  eyes  in 
pairs  separated  ft'om  the  middle  eyes  by  half  their  diameter.  Mandibles  half  as  long  as 
the  ccphalotoorax.  Maxillas  and  labium  short  and  wide.  Palpal  claw  long  and 
slender  with  six  teeth  along  the  middle.  LegH  1,  4, 2,  3.  Ist  pair  10  mm.,  2d  8.25, 3d 
8.15,  4th  0.6,  thinly  covered  with  long  hairs  aiml  withont  spines.  Tarsal  claws  long 
and  slender,  the  lower  with  two  teeth,  the  upper  with  0  or  10,  Epigynum  flg.  27;  the 
sacs  showing  through  the  skin  in  some  specimens.  The  only  male  taken  had  not  fin- 
ished moulting  and  was  much  distorted  by  the  alcohol.  The  palpus  whicli  had  cast  its 
skin  is  shown  in  fig.  20,  the  penis  is  raised  from  its  natural  position,  which  is  in  a 
groove  passing  spirally  round  the  end  of  the  palpal  organ  to  a  fleshy  conductor.  A 
long  process  with  two  teeth  at  the  end  branches  fk*om  the  base  of  the  tarsuf*. 

Fountain  Cave,  next  to  Weyer's,  Virginia,  among  btiilactites  where  there  was  no  day- 
light. Several  loose  cocoons  were  found,  one  containing  thirty  or  forty  young  Just 
hatched  (Packard). 

Nesticui  Carieri  n.  sp.— Plate  I,  Fig.  28.  Cephalothorax  and  legs  light  yellow, 
hairs  shorter  than  in  N.  pallUlus.  Abdomen  in  some  specimens  with  indistinct  gray 
markings.  Eyes  smaller  and  farther  separated  from  each  other  than  in  y.  pallidu*. 
Epigynum  flg.  28.  This  species  is  otherwise  much  like  X.  palUdua,  Bat  Cave,  Zwin- 
gle's  Cave,  Carter  Co.,  Ky.  (Packard).  A  cocoon  collected  by  Mr.  Packard,  from  Brad- 
ford Cave,  Ind.,  contains  young,  which  had  passed  tlieir  second  moult,  probably  of  this 
species. 

JAnyphia  subterranea  n.  sp.— Plate  I.  Figs.  2&-31.  Cephalothorax  and  legs  yellow- 
ish-brown, in  some  specimens  reddieh.  Abdomen  white  with  brown  hairs,  in  two 
specimens  ft'om  Zwingle's  Cave  gray  with  while  spots.  Eyes  8,  flg.  80,  white  sur- 
rounded by  a  dark  border,  in  one  specimen  colorless  without  dark  borders.  Front 
middle  eyes  very  small  and  in  the  two  dark  specimens  from  Zwingle^s  Cave  obscured 
by  dark  markings  on  the  head.  Mandibles  with  seven  teeth  in  fh>nt  of  the  claw 
grooves.  Legs  short  1, 4, 2, 3.  spines  on  patella  and  tibia.  Under  claw  of  tarsus  with 
two  teeth,  the  upper  claws  with  eight  or  nine.  No  claw  on  palpi.  Epigynum  external, 
as  long  as  tlie  maxillsD,  extending  backward  along  the  under  side  of  the  abdomen  (flg. 
20-31)  or  when  the  abdomen  is  di»itendcd  prujuoting  out  from  it  at  a  right  angle. 

Under  stones  in  Carter  and  Wyandoite  caves  (Packard). 

JAnyphia  ir«i^<r<,  —  Plate  I.  Figs.  7-12.  Cephalothorax  and  legs  yellow-brown,  ab- 
domen troia  dark  gray  to  white.  Length  oi  9  2.25  mm.  Cephalothorax  wide  and  but 
little  elevated  in  IVont  in  either  sex.  Front  middle  eyes  near  each  other  on  a  black 
spot,  rear  middle  eyes  separated  by  their  diameter  and  by  the  same  distance  ft*om  the 
Aront  middle  eyes,  lateral  eyes  in  pairs,  each  pair  tturrouiided  by  a  black  area  and  dis- 
tant twice  its  width  f^om  the  middle  eyes.  Mandibles  long,  t'preading  apart  at  the  tips 
and  inclined  backward  toward  the  maxillae,  beyond  the  ends  of  which  they  extend  a 
third  of  their  length  in  the  female  and  farther  in  the  male;  5  long  teeth  in  tronX  of  the 
claw  groove.  No  palpal  claw.  Legs  1, 4.  2,  3,  fir>t  pair  4  mm.  loug  in  9  and  4.4  mm.  in 
cf .  with  two  spines  on  femur,  one  on  patella  and  two  on  tibia.  Under  claw  of  tarsus 
with  one  tooth,  upper  claws  with  nine  or  ten  teeth.  Epigynum  with  an  oval  opening 
behind,  twice  as  wide  as  long,  in  front  of  which  is  a  short,  flexible  appendage,  flg.  11. 
Palpus  of  male,  flgs.  9  and  10.  The  tarsal  process  is  a  small  hook  on  the  upper  side, 
tlie  penis  la  long,  and  passes  one  and  a  half  times  round  the  palpal  orgyi)  supported 
through  nearly  its  whole  length  by  a  wide  thin  conductor  endmg  in  a  hard  tooth.  Under 
the  end  of  the  penis  is  a  soft  brosb-liko  appendage,  and  beside  it  two  hard  processes. 
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Weyer^B  Care,  Virginia,  in  darkness,  i>at  not  tax  ^m  tiie  entrance  OPackard). 

Linyphia  ineeria  n.  sp.  — Plate  I.  Figs.  19-21.  Length  2  mm.  Ophalotliorax  and 
legs  orange-brown,  abdomen  white  with  short,  fine,  brown  hairs.  Cephalotborax  1  ' 
mm.  long  and  two-thirds  as  wide ;  in  the  male  eleyatod  in  iVont,  flg.  20,  and  nirninhed 
with  longer  hairs  than  in  the  female.  Eyes  small  and  colorless,  and  separated  far 
fVom  each  other,  flgs.  18  and  21 ;  the  front  middle  pair  are  very  small,  hardly  larger  than 
the  circles  around  the  bases  of  the  hair  by  which  they  are  surronndcd,  and  only  distin- 
guished fh>m  them  by  wanting  the  dark  rim  which  surrounds  the  hair  circles.  In  6 
females  from  Fountain  Cave  all  the  eyes  are  present,  flg.  18;  in  one  female  one  of  the 
fh>nt  middle  eyes  is  wanting.  In  3  males  IVom  the  same  cave  both  fk'ont  middle  eyes 
are  wanting,  as  in  flg.  21 ;  in  one  male  one  only  of  the  fkx>nt  middle  pair  is  wanting.  In 
4  females  and  1  male  fVom  Bat  Cave,  Cai-ter  Co..  Ky.,  the  ft  ont  middle  eyes  are  wanting. 
Mandibles  long  and  spreading  at  the  tips,  inclmed  baclcward  towai*d  the  maxiUie,  seven 
teeth  in  fi*ont  of  the  claw  groove,  which  are  longer  in  the  males.  No  palpal  claws. 
Legs  1. 4, 2,  S,  longest  4.75  mm.  Tarsal  claws  short  and  blender,  under  claw  with  one 
tooth,  upper  claws  with  7  or  8  teeth.  Spines  on  patella  and  tibia.  Epigynum  with  a 
small  oval  opening  behind  with  dark  brown  border.  Palpus  of  cf  i  flg.  17,  having  a 
sharply-cuiTcd  process  at  the  base  of  the  tarsus.  The  penis  is  supported  by  a  stout 
conductor  nearly  to  its  end  where  it  passes  a  soft  brush-like  appendage. 

Fountain  Cave,  Virginia,  among  stalactites  in  company  with  Nesticus  palUdut  (Pack- 
ard), also  in  Bat  Cave,  Carter  Co.,  Ky.  (Siialer  ft  Packard). 

Anthrobia  mammoutkia.  Plate  I,  Figs.  1-6.  In  1844,  Tellkampf  described  and  flgiired 
roughly  in  Wiegraann's  Archiv  ftir  Katurgeschichte,  several  arthropods  ft-om  the  l£am- 
moth  Cave,  among  them  an  eyeless  spider,  which  he  refen'ed  with  doubt  to  the  Myga- 
lidae,  apparently  because  he  saw  only  4  spinnerets.  The  eyeless  spiders  found  by  Dr. 
Packard  in  the  Mammoth  Cave  in  1874  agree  generally  with  Tellkampf  *s  de8crij)tion,  and 
his  flgure  13  represents  quite  well  the  outline  of  a  specimen,  flattened  by  pressure  be- 
tween two  glasses.  »No  other  eyeless  spider  was  found,  and  no  other  which  could  l>e 
identified  with  Tellkampf 's  description.  There  seems,  therefore,  little  donbt  that  these 
are  spiders  of  the  same  species  as  those  described  by  Tellkampf.  Adults,  1.5  mm. 
long,  pale  brownish-yellow,  abdomen  almost  white  with  brown  hairs,  ends  of  palpi, 
palpal  organs  and  epigynum  reddish-brown.  Cephalotborax  with  scattered  hairs  in 
fl-ont.  Ko  eyes.  Mandibles  with  4  long  teeth  in  front  of  the  claw  groove.  Maxilla 
short  and  wide.  Sternum  wide  and  hairy.  Legs  1,  4,  2,  3.  longest  about  2.5  ram., 
hairy,  with  spines  on  patella  and  tibia.  Under  tarsal  claw  with  one  tooth,  the  upper 
olaws  with  6  or  more  short  teeth.  Ko  palpal  claw.  Palpus  of  cf ,  flg*  3,  with  a  long 
process  on  the  outside  of  the  tibia  ending  in  a  sharp  hook.  The  tarsal  process  forms  a 
small  thin  hook.  Palpal  organ  very  simple,  the  penis  voiy  short  and  accompanied  by 
a  soft,  thin  appendage.  Spinnerets  short,  Hypopyglum  i  the  length  of  the  first  pair. 
•  Mammoth  Cave  and  Proctor's  and  Diamond  caves,  under  stones  (Sanborn  ft  Pack- 
ard). Small  flat  cocoons  were  found  with  some  specimens,  containing  small  numiiers 
of  eggs  which  were  unusually  large  lu  proportion  to  the  size  of  the  spider. 

[In  this  connection  it  may  be  of  interest  to  learn  the  opinion  of  Dr.  T.  Thorell,  the 
accomplished  arachnologlst  of  Upsala.  Upon  receiving  a  specimen  of  Anthrobia  mam' 
mouthiay  which  I  sent  him,  he  writes  me  that  *'  the  Anthrobia  if  it  really  is  the  true  A, 
mammouthia  Tellkampf,  scarcely  diffoi*8  IV*om  the  genus  Ertgone  by  anything  more 
than  the  want  of  eyes;  it  may,  however,  be  added  as  a  peculiarity,  that  the  three  long 
and  slender  tarsal  claws  are  quite  smooth,  neither  dentated  nor  pectinated.  The  spe- 
cies belong  most  certainly  to  the  family  Theridivida.** 

On  the  other  hand  on  the  receipt  of  a  specimen  of  the  same  species  of  spider  and 
firom  the  same  cave  (Mammoth)  as  that  ftrom  which  the  specimen  was  taken  which 
was  sent  Dr.  Thorell,  M.  Simon  of  Paris  wiites  me  that  *'  the  Anthrobia  is  not  allied  to 
Myg<ilid4Bj  as  was  supposed  ft-om  the  Iinperfect  description  of  Tellkampf,  but  to  oar 
Dy9derid€9j  and  the  genus  J^ptoneta,  only  It  is  bllttd*"— A-  8.  P.] 
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EXPLANATION   OP   PLATE   I. 
1.  Anthrobia  mammonthia  $ .     ' 
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LIFE  HISTORIES   OF  THE  MOLLUSCA. 

BY  A,  8.  PACKARD,  JR. 


I.   LAMELLIBRANCHS. 

Having  gone  thus  far  along  the  track  leading  from  the  moners 
to  man,  we  come  to  where  the  road  branches  in  several  directions. 
The  path  from  the  Protozoa  to  the  sponges,  from  the  sponges  to 
the  polypes,  and  from  the  polypes  to  the  Ctenophorae,  and  through 
them  to  the  Echinoderms,  though  at  times  devious  and  readily 
lost,  yet  in  the  retrospect  is  more  easily  followed  than  those  lying 
before  us.  In  fact  there  is  no  single  tracic  leading  directly  from 
the  lowest  to  the  highest  animals.  We  have  to  follow  distinct 
lines  of  development,  and,  after  toiling  up  one  ascent,  find  that  it 
ends  abruptly^  without  bringing  us  very  near  the  goal.  We  then 
have  to  retrace  our  steps,  return  to  the  old  fork  in  the  road  and 
essay  a  new  path.  For  example,  following  up  the  line  of  moUusca, 
we  come  to  the  cuttlefishes  with  their  well  developed  eyes  and  cir- 
culatory apparatus,  nearly  as  complicated  as  those  of  fishes.  If  we 
foll9w  the  ascidian  line  of  development,  we  trace  immediately  in 
their  larval  condition  a  chorda  dorsalis  and  a  relation  of  rudi- 
mentary organs  which  bear  a  striking  analogy  to  those  of  Amphi- 
oxus,  the  lowest  vertebrate.  Again,  in  studying  the  Brachiopods, 
we  follow  a  line  of  life  which  leads  us  to  forms  such  as  the  Lingula 
which  combines  Annelid  characters  with  remarkable  features  of 
its  own.  If  after  traversing  these  paths  we  take  up  the  long  and 
devious  route  which  leads  from  the  Rotifers  through  the  non-seg- 
mented worms  up  to  the  leeches  and  Annelides,  to  the  Crustacea 
and  Insects,  we  shall  then  reach  animals  which  in  man}'  respects 
are  only  inferior  to  the  vertebrates,  and  in  complexity  of  organiza- 
tion, in  their  morphology  and  in  their  psychological  endowments, 
are  on  the  whole,  superior  tp  any  other,  invertebrates. 

What  is  this  initial  point  from  which  these  lines  diverge?  It  is  a 
larval  form  having  a  bilateral,-  cylindrical  bodj^  sometimes  annu- 
lated,  divided  into  a  preoral  and  postoral  region,  t.  e.,  a  head  and 
hind  body,  with  a  ciliated  crown,  often  a  whip-lash  or  tuft  of 
bristles,  with  a  mouth,  a  usually*  curved  alimentary  cavity,  and 
anus  opening  often  near  the  mouth.  This  stage  is  seen  in  the 
(282) 
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young  Echinoderm,  sach  as  the  Auricularia  or  Bipinnaria ;  or  in 
the  Veliger  state  of  the  young  mollusk;  in  the  young  worm, 
whether  the  "  Actinotrocha"  of  the  Sipuneulus,  or  ''Tornaria"  of 
Balanoglossus,  or  '*  Mesotrocha"  of  a  higher  annelid,  or  even  in 
the  young  Rotifers.  For  such  a  form  the  term  CephcUula  may  be 
proposed  in  allusion  to  the  fact  that  a  cephalic  region  is  indicated 
in  this  state,  the  Gastrula  being  a  simple  sjic  with  the  head  end 
not  differentiated  from  the  opposite  extremity.  Let  the  reader 
compare  the  gastrula  of  the  sponge  (Fig.  49)  with  the  Cepha- 
lula  of  the  Trochus  (Fig.  138,  B)  and  he  will  detect  the  diflference 
between  the  two  stages.  This  stage  is  thus  named  simply  to  give 
emphasis  to  the  fact  that  it  is  a  form  common  at  one  stage  in 
their  life-history  to  several  entirely  different  classes  of  animals, 
radiate,  articulate  and  molhiscan,  independently  of  any  theoret- 
ical considerations.  I  will  only  sa}'  that  the  Cephalula  bears. an 
analogous  relation  to  these  classes,  as  the  Pianula  to  the  Radiates, 
the  Nauplius  to  the  Crustaceans,  or  the  Leptus  to  the  Insects. 

We  shall  see  in  our  future  studies  of  the  life-histories  of  the 
different  classes  of  invertebrate  auimals,  how  often  this  Cephalula, 
with  its  ciliated  crown,  recurs. 

No  one  has  ever  given  a  thoroughly  satisfactory  definition  of 
the  type  of  Mollusca,  and  we  shall  certainly  not  attempt  one  here. 
It  may  be  said,  however,  that  they  are  in  their  early  stages,  and 
in  nearly  all  (except  the  Gastropoda,  in  which  the  visceral  or  ab- 
dominal end  is  asymmetrical),  in  adult  life  bisymmetrical  animals 
bearing  usually  an  external  or  internal  shell  (sometimes  the  shell 
is  larval  and  deciduous),  with  the  under  lip  converted  into  an  or- 
gan of  locomotion,  the  large  fleshy  foot.  The  nervous  system 
consists  of  three  pairs  of  ganglia  usually  surrounding  the  oesoph- 
agus, sending  nerve-threads  in  irregular  directions  to  the  different 
organs. 

The  Mollusca  usually  have  a  well  developed  heart,  more  so  than 
in  the  Cinistacea  and  Insects,  situated  dorsally  and  consisting 
usually  of  a  ventiMcle  and  two  auricles.  The  respiratory  organs 
depend  or  project  from  the  mantle  or  tegument,  and  are  permeated 
by  a  net-work  of  blood-vessels.  A  large  number  have  an  "  odon- 
tophore"  or  "lingual  ribbon,  a  band  of  teeth  rolled  up  in  the 
mouth.  The  mollusks  are  neither  radiate  nor  segmented  as  in  the 
Articulates  or  Vertebrates,  though  certain  larvse  are  indistinctly 
annulate  as  in  that  of  Chiton. 
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For  a  farther  discassion  of  the  characters  of  the  mollasks  as 
compared  with  the  worms  the  reader  is  referred  to  Prof.  Morse's 
memoir  "  On  the  Systematic  Position  of  the  Brachiopoda."^ 

The  following  tabular  view  of  the  mollusks  is  copied  from  Geg- 
enbaur's  "Principles  of  Comparative  Anatomy."  For  further  in- 
formation the  reader  is  referred  to  Woodward's  "  Manual  of  the 

MoUusca." 

MOLLUSCA. 

I.  Lamfxtirranchiata. 

1.  Asiphonia  (Ostrasa,  Anomla,  PectcD,  Mytilus,  Area,  XJnio). 

2.  Siphoniata  (Chama,  Cardium,  Cyclas,  Venus,  Telllna,  Mactra, 

Solen,  Pholas,  Teredo). 

II.  Cephalophora. 

1.  Scaphopoda  (Dentaliam). 

2.  Fteropoda, 

Thecosomata  (Hyalea,  Cleodora,  Chresels,  Cymbulea,  Tiede- 
mannia). 
,  Gymnosomata  (Pneumodcrmon,  Clio). 

8.   Gastropoda . 

Heteropoda  (Atlanta,  Carinaria). 

Opisthobranchiata  (Bulla,  Aplysla,  Doris,  Glaucus,  ^olis). 
Prosobranch  iata. 
Cyclobrauchitita  (Patella,  Chiton). 

Ctenobrancliiata  (Paludina,  Neritlna,  Bucclmim,  Pui-pura, 
Murex,  Fusus,  Conus,  Oliva,  Strombus,  Haliotls). 
4.  Pulmonata  (Lymnffius,  Ptiysa,  Planorbis,  Helix,  Bnlimus,  Limax). < 

III.  Cephalopoda. 

1.  Tetrabranchiata  (Nautilus). 

2.  Dibranchiata. 

Decapoda  (Spirula,  Sepia,  Loligo). 

Octopoda  (Octopus,  Argonauta). 
• 

Development  of  the  Lamellibranchs,  It  is  onlj^  within  a  com- 
parativel}^  few  years  that  we  have  learned  anything  of  the  mode 
of  growth  of  our  commonest  bivalve  mollusks.  To  this  day  the 
life  history  of  the  common  clam  or  quahaug  is  a  mystery.  The 
early  stages  of  the  oyster  are  only  partially  known.  We  know 
much  less  about  the  early  stages  of  the  common  sea  mussel ;  while 
the  history  of  the  fresh-water  mussel  (Unio)  sketched  roughly  in 
1831  by  Carus,  is  still  fragmentary.  For  the  first  definite  knowl- 
edge of  the  metamorphoses  of  the  Lamellibranchs,  we  are  indebted 
to  the  distinguished  Swedish  observer  Lov6n,  who  gave  between  the 
years  1844  and  1849,  a  series  of  sketches  more  or  less  complete  of 

1  Proceediogs  of  the  Boston  Society  of  Natural  History,  Vol.  xr,  1873, 8vo.  pp.  60. 
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a  number  of  marine  forms.  To  him  and  to  Sars,  the  famous  Nor- 
wegian zoologisty  wlio  made  the  first  sketch  of  the  metamorphoses 
of  the  Gastropods,  we  are  indebted  for  our  earliest  and  most  val- 
uable facts  in  the  life-history  of  the  mollusks.  Before  this,  some 
larval  mollusks  were  regarded  as  infusoria  by  Ehrenberg. 

Of  the  mode  of  development  of  the  oyster,  the  lowest  lamelli- 
branch,  the  first  information  was  supplied  by  Lacaze-Duthiers 
(1854-5),  supplemented  by  the  recent  (1874)  observations  of 
Salensky*  While  some  lamellibranchs,  such  as  the  Unio,  are  bi- 
sexual, the  oyster  is  hermaphroditic.  The  eggs,  which  are  yellow, 
after  leaving  the  ovary  are  retained  among  the  gills.  A  single 
oyster  may  lay  2,000,000  eggs.  The  spawning  time  of  the  oyster 
in  Europe  is  from  June  to  September.  During  their  development 
the  eggs  are  enclosed  in  a  creamy  slime,  growing  darker  as  the 
"sprat"  (the  term  applied  to  the  young  oysters)  develops. 

The  course  of  development  is  thus :  after  the  segmentation  of 
the  yolk  (morula  stage),  the  embryo  divides  into  a  clear  peripheral 
layer  (ectoderm),  and  an  opaque  inner  layer  containing  the  yolk 
and  representing  the  inner  germinal  layer  (endoderm).  A  few  fila- 
ments or  large  cilia  arise  on  what  is  to  form  the  velum  or  the 
future  head.  The  shell  then  begins  to  appear  at  what  is  des- 
tined to  be  the  posteiior  end  of  the  germ,  and  before  the  di- 
gestive cavity  arises.  At  this  stage  the  two-layered  germ  is  said 
by  Salensky  to  represent  the  planula  of  the  sponge.  The  digest- 
ive cavity  is  next  formed  (gastrula  stage),  and  the  anus  appears 
just  behind  the  mouth,  the  alimentary  canal  being  bent  at  right 
angles.  Meanwhile  the  shell  has  grown  enough  to  cover  half  the 
embiyo,  which  is  now  in  the  **VeUger"  stage,  the  "velum"  being 
composed  of  two  ciliated  lobes  in  front  of  the  mouth-opening,  and 
comparable  with  that  of  the  gastropod  larvae.  The  young  oyster, 
as  figured  by  Salensky,  is  directly  comparable  with  the  Veliger  of 
the  Cardium  (Fig.  121). 

We  have,  then,  three  stages  of  growth  in  the  oyster,  (1)  the 
morula,  (2)  the  gastrula  (with  the  digestive  cavity  as  3^et  unde- 
veloped and,  (3)  the  veliger  with  an  alimentary  canal  and  a  head 
and  hind  body  (cephalula).  This  is  an  epitome  of  the  mode  of 
development  of  most  of  the  I amelli branchiate  mollusks  whose  em- 
bryology is  known.  Soon  the  shell  covers  the  entire  larva,  only 
the  ciliated  velum  projecting  out  of  an  anterior  end  from  between 
the  shells.    In  this  stage  the  larval  oyster  leaves  the  mother  and 
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swims  aronnd  in  the  water,  the  cilia  of  the  velum  keeping  up  a 
lively  rotary  motion.  In  this  state  Lacaze-Duthiers  observed  it 
for  forty-three  days,  without  any  striking  change  in  form,  except 
that  the  velum  increased  in  size,  and  the  auditory  vesicle  appeared, 
containing  several  otoliths,  which  kept  up  a  rapid  motion.  But 
still  the  gills  and  heart  were  wanting.  Of  its  further  history  we 
know  but  little,  except  that  it  becomes  fastened  to  some  rock  and 
is  incapable  of  motion.  The  oyster  is  said  by  the  appearance  of 
its  shell,  to  be.  three  years  in  attaining  its  full  growth,  but  this 
statement  needs  confirmation. 

The  most  complete  life  history  of  a  bivalve  moUusk  is  that  of 
Cardium  (C.  pygmcpum)^  the  cockle  shell,  as  described  by  Lov6n. 
The  egg  of  this  shell  is  spherical,  the  yolk  being  surrounded  by 
a  layer  of  white  protoplasm,  much  as  in  the  eggs  of  vertebrates. 
The  process  of  fertilization  was  observed  by  Lov^n,  who  saw  the 
spermatic  particles  of  the  usual  form,  Le,  with  a  head  and  long  tail, 
to  the  number  of  a  dozen  penetrating  through  the  envelopes  of 
the  egg  out  toward  the  yolk.  Following  the  morula  condition  the  * 
embryo  consists  of  two  layers,  an  outer  peripheral  clear  mass  like 
the  "white"  of  an  egg  (ectoderm),  and  a  central  dark  mass,  re- 
garded by  later  observers  as  equivalent  to  the  inner  germinal 
layer.  The  embr3'o  now  becomes  ciliated  on  its  upper  surface 
and  already  rotates  in  the  shell.  On  one  side  of  the  oval  em- 
bryo is  an  opening  or  fissure  ,*  on  the  edges  of  which  arise  two 
tubercles  which  eventually  become  the  two  "sails"  of  the  velum. 
This  probably  represents  the  gastrula  stage,  and  the  embryo 
already  shows  a  tendency  to  become  bilateral.  The  next  step 
is  the  differentiation  of  the  body  into  head  and  hind  body,  i\e. 
an  oral  (cephalic)  and  postoral  region.  Out  of  the  middle  of 
the  head  grows  a  single  very  large  cilium,  like  the  whip-lash  of 
the  Flagellata,  the  so-called  flagellum  (Fig.  121  "A,  jf;  v,  velum). 
The  shell  (Fig.  121  B,  sh)  and  mantle  (mt;  ml^  muscle)  now  begin 
to  form.  From  the  inner  3'olk-mass  are  developed  the  stomach,  the 
two  liver  lobes  {H)  on  each  side  of  the  stomach  (<),  an^  the  intes- 

»Thi8  primitive  opening,  the  month,  appears  both  in  Cardium  and  Crenelln,  accord* 
ing  to  Lov^n^s  figures  and  descriptions.  long  before  tho  shell  begins  to  form.  It  is  thus 
not  a  secondary  formation,  as  S:ileneky  insists,  but  a  primary  invagination  of  the  ecto* 
derm.  Tho  embryo  is  therefore  properly  a  gastrula.  It  will  be  remembered  that  in 
the  oyster  on  the  contrary  the  shell  begins  to  form  before  the  mouth-opening  appears. 
The  young  oyster  at  the  stage  immediately  succeeding  the  morula  is,  then,  a  planula; 
the  Cardium  and  Crenella,  a  gastrula.  This  exception  does  not  warrant  us  in  denyinga 
gastrula  state  to  the  Lamellibranchs  as  a  class,  as  Salensky  does. 
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tine  (t).  The  mouth  (wi),  which  is  richly  ciliated,  lies  behind  the 
velum,  the  alimentary  canal  is  bent  nearly  at  right  angles  and  the 
anus  opens  behind  and  near  the  mouth.  The  velum  (Fig.  121,  v) 
really  constitutes  the  upper  lip,  while  a  tongue-like  projection  (Fig. 
121,  B  /)  behind  the  mouth  is  the  under  lip,  atid  is  destined  to 
form  the  large  impaired  "  foot,"  so. characteristic  of  the  moUusks. 
In  a  stage  previous  to  this,  when  the  shell  only  partially  covers 
the  animal,  the  veliger  may  be  compared  with  the  veliger  of  Trochus 
(Fig.  138,  B)  and  a  remarkable  resemblance  be  traced,  the  velum, 
the  bent  alimentary  canal  and  the  foot  being  almost  identical. 
The  shell  arises  as  a  cup-shaped  organ  in  both  bivalves  and  uni- 
valves, but  the  hinge  and  separate  valves  are  indicated  very  early 
in   the  lamellibranchs.     The  earliest  phase  of  the  veliger  stage 

Fig.  121. 


Development  of  Carditim.    After  Lov^n. 

(cephalula)  indicated  at  Fig.  121  A,  in  which  a  cephalic  and 
abdominal  region  is  demarked,  may  be  compared  with  profit  by 
the  reader  with  the  embryo  infusorian  with  its  cup-shaped  body 
anci  its  crown  of  cilia,  or  with  the  larval  Polyzoan  or  even  the  larval 
Brachiopod  to  be  hereafter  figured.  At  the  stage  represented  by 
Fig.  121,  B,  the  stomach  is  divided  into  an  anterior  and  posterior 
(pyloric)  portion.  The  liver  forms  on  each  side  of  the  stomach 
an  oval  fold,  and  communicates  by  a  large  opening  with  its 
cavity ;  while  the  intestine  elongates  and  makes  more  of  a  bend. 
The  organ  of  hearing  then  arises,  and  behind  it  the  provisional 
eyes,  each  appearing  as  a  vesicle  with  dark  pigment  corpuscles 
arranged  around  a  refractive  body.  The  nerve  ganglion  (m) 
appears  above  the  stomach.  The  two  ciliated  gill-lobes  now 
appear,  and  the  number  of  lobes  increases  gradually  to  three  or 
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four.  The  foot  grows  larger,  and  the  organ  of  Bojanns,  or 
kidney,  becomes  visible.  The  shell  now  hardens;  the  mouth 
advances,  the  velum  is  withdrawn  from  the  under  side  to  the 
anterior  end  of  the  shell.     In  this  condition  the  veliger  remains 

stiU  attached,  and  used  in  swim- 
some  a  creeping  organ.  Latest 
blood-vessels. 

condition,  the  velum  contracts, 
3omes  reduced  to  the  two  pairs 
ch  side  of  the  mouth  of  the  ma- 
ual  eyes  disappear,  and  the  eyes 
he  mantle. 

Crenella  marmorata  is  nearly 

The  Crenella  is  dicecious,  the 

idish  ovaries,  the  males  by  their 

nus,  however,  there  is  no  egg- 

ig  the  yolk. 

opment  of  the  common  muscle 
orse)  is  from  studies  made  by 
Lacaze-Duthiers  on  the  shores 
of   the    Mediterranean.      The 
larval  forms  were  not  discov- 
ered.   The  young  about  ^"  in 
length  were  found  swimming 
at  ebb  tide  on  the  surface  of 
the  water.     The  shell  at  this 
stage  is  like  a  Crenella,  and 
there  are  four  long  gill  lobes, 
which  arise  from  the  outer  la- 
mella of  the  inner  gill, 
iirough  entirely  different  phases 
>rm8.    The  eggs  of  Cyclas  have 
:  skin  ;  they  are  few  in  number, 
ual  degrees  of  development  in 
ive  fluid,  and  hanging  free  from 
velum  is  either  absent  or  very 
egins  to  develop  at  two  widely 
itle,  according  to  Leydig. 
Fig.  123,  after  Morse,  and  Ano- 
clevelopment.    In  their  embryo 
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the  velum  is  wanting  or  exists  in  a  very  rudimentary  state.  The 
mantle  and  shell  are  developed  very  early.  They  liv^  within  the 
parent  fastened  to  each  other  by  their  byssus.  The  shell  (Fig. 
124)  differs  remarkably  from  that  of  the  adult, 
being  broader  than  long,  triangular,  the  apex 
or  outer  edge  of  the  shell  hooked,  while  from 
different  points  within  project  a  few  large,  long 
spines.  So  different  are  these  young  from  the 
parent  that  they  were  supposed  to  be  parasites 
and  were  described  under  the  name  of  Gtoehi- 
dium  parasUicum.  They  are  found  in  the  pa- 
rent mussel  during  July  and  Angust.  The  eggs  have  a  shell, 
"  white,"  and  yolk  skin  and  a  micropyle.     The  embryo  rotates. 

Fig.  123, 


Young  Unto. 


(Jnio  moving  through  the  sand  with  the  siphons  expanded. 

and  remains  a  month  in  the  egg.  When  hatched,  great  numbers 
still  remain  among  the  gills  in  a  mass  of  slime,  and  during  this 
time  the  shell  thickens,  grows  rounder  and  somewhat  longer. 

The  history  of  the  ship  worm  (Fig.  125,  Teredo  navalis  linn.) 
is  one  of  great  interest  both  from  a  practical  and  scientific  point 
of  view.  To  the  eminent  French  naturalist,  Quatrefages,  we  are 
indebted  for  its  life  history.  Its  general  development  up  to  the 
time  of  the  larval  stage  is  much  like  that  of  the  oyster.  The 
egg  has  no  shell.  After  fertilization  it  undergoes  total  segmenta- 
tion (Fig.  126,  A).  The  two  germinal  layers  appear  as  usual,  the 
velum  arises  much  as  in  the  embryo  oyster,  there  being  no  lash,  as 
in  the  Cardium,  but  scattered  cilia.  Swimming  about  in  this  state 
the  embryo  would  be  mistaken  for  an  infusorian.  In  forty-eight 
hours  after  life  begins,  the  cilia  begin  to  disappear  arfd  the  germ 
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sinks  to  the  bottom.     A  deep  fissure  now  separates  the  germ  into 
halves ;  meanwhile  the  mantle  and  shell  have  grown,  and  when 


Fig.  126. 


The  Ship  Worm.i    After  VerrUI. 

five  days  and  a  h^lf  old  the  germ  appears  as  in  Fig.  126,  B,  the 
shell  almost  covering  the  larva.  Soon  after  this  the  velum  be- 
comes larger,  and  then  decreases,  the  gills  arise,  the  auditory  sacs 

develop,  the  foot  grows,  though 
not  reaching  to  the  edge  of  the 
shell,  and  the  larva  can  still 
swim  about  free  in  the  water. 
When  of  the  size  of  a  grain  of 
millet,  it  becomes  spherical, 
as  in  Fig.  126,  C,  brown  and 
opaque.  The  long  and  slender 
foot  projects  far  out  of  the 
shell,  and  the  velum  assumes 
the  form  of  a  swollen  ring  on 
which  is  a  double  crown  of  cilia. 
The  ears  and  eyes  develop  more,  and  the  animal  alternately  swims 
mith  its  velum,  or  walks  by  means  of  tiie  foot.  At  this  stage 
Quatrefages  thinks  it  seeks  the  piles  of  wharves  and  floating  wood 
in  which  it  bores  and  completes  its  metamorphosis.  The  further 
changes  must  be  very  great  before  it  assumes  the  adult  form  of 
the  ship  worm  with  its  long  body,  but  these  stages  have  not  been 
observed.    Keferstein,  however,  says  that  Vrolik  saw  in  July  the 

^Fig.  125,  c^BoUar;  p,  pallets;  t,  siphonal  tubes;  «,  shell;  /,  foot  After  VerrUI.  Be- 
p»rt  U.  S.  Fish  Commissioner.    Fig.  126,  v,  velum ;  /,  foot.   After  Quatrefages. 


.Development  of  the  Ship  Worm. 
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larvae  swimming  about  on  the  coast  of  Holland,  and  some  by  the 
middle  of  the  month  had  bored  into  the  wood  and  attained  the 
adult  Teredo  form,  though  still  very  small,  while  others  in  Sep- 
tember still  retained  their  larval,  veliger  shape.  It  requires  about 
three  weeks  for  them  to  complete  their  metamorphosis.  Verrill 
states  that  the  Teredo  navalis  on  the  coast  of  New  England  "pro- 
duces its  young  in  May,  and  probably  through  the  greater  part  or 
all  of  the  summer."  Quatrefages  says  that  the  Teredos  die  during 
the  winter  succeeding  their  birth. 

Keferstein  tells  us  that  some  lamellibranchs  attain  their  growth 
in  one  year.  The  ft-esh  water  mussels  (Unio  and  Anodonta)  are 
thought  to  live  from  ten  to  twelve  years,  while  Tridacna  gigantea 
probably  lives  fVom  sixty  years  to  a  century. 

The  time  of  spawning  usually  takes  place  in  summer.  The 
edible  mussel  {MytUus  edvXis)  and  different  species  of  Venus 
are  found  with  eggs  and  embryos  among  the  gills  from  March  till 
May,  on  the  coast  of  Holland  and  France,  while  Pholas  and  Pan- 
dora and  most  other  genera  breed  ft'om  July  until  September.  On 
the  Sicilian  coast,  according  to  Poll,  My  a  and  Solen  breed  early 
in  spring ;  Pholas,  Chama,  Venus,  Donax,  Anomia,  Tellina  and 
Mactra  in  summer ;  Mytilus  edulis  from  October  to  December. 

We  have  seen  that  the  Lamellibranchs  pass  through  a  true 
veliger  stage,  and  we  shall  soon  see  that  their  larval  forms  are 
directly  comparable  with  the  veliger  state  of  most  Cephalophora. 
In  after  life  the  **  head"  of  the  bivalve,  i.e,  the  oral  and  preoral 
part  of  the  body,  which  was  fully  half  as  large  as  the  body  in 
the  veliger,  diminishes  greatly  in  size  and  importance,  becoming 
finally  merged  with  the  postoral  region  and  represented  simply 
by  the  palpi  and  foot,  the  mouth-opening  being  situated  at  or 
near  the  extremity  of  the  body,  so  that  the  old  term  Acephala 
well  indicates  the  want  of  a  cephalic  region  as  compared  with 
the  large  and  well  developed  head  of  t^e  snaUs  (Cephatophora) 
and  cuttle-fishes  (Cephalopoda). 

The  summary  of  changes  is  usually  as  follows : 

1.  £gg  fertilized  by  tailed  spermatic  particles. 

2.  Morula. 

3.  Gastrula.     (Observed  in  a  very  few  cases.) 

4.  Veliger  (Cephalula).  In  Unio  and  Cyclas  Wholly  or  mostly 
suppressed.  • 

5.  Adult  Lamellibranch. 
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II.   THE   CEPHALOPHORA. 

The  Cephalophora  include  not  only  the  Gastropods  (snails  and 
whelks)  but  more  aberrant  forms  such  as  the  swimming  Pteropods 

Fig.  127. 


Fig.  128. 


Helix  in  i^  natural  position,  creeping. 


Trivia,  a  Gas- 
tropod. After 
Steams. 

and  the  Dentalium,  etc.  The  term  indicates  the  presence  in  the 
adult  of  a  well  formed  head,  as  distinguished  from  the  acephalous 
clams.  Not  only  is  there  a  head,  but  the  eyes  are  restricted  to 
the  most  anterior  part  of  the  preoral  region,  being,  as  in  the 
snail,  borne  on  extensile  tentacles^  whereas  in  the  bivalves,  such 
as  the  pecten,  the  eyes  are  scattered  on  the  edge  of  the  mantle 
along  the  entire  body.  The  adult  animal  is  not  symmetrical,  the 
mantle  containing  the  viscera  being  thrown  on  one  side.  The  foot 
is  greatly  enlarged,  forming  the  entire  under  side  of  the  animal, 
as  in  the  snail  (Fig.  128).  The  shell  is  usually  external,  spiral  and 
asymmetrical,  or  cup-shaped. 
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The  tooth  shell,  or  Dentalium,  is  the  lowest  of  its  class,  and  its 
life  history  is  one  of  much  interest.  For  the  following  facts  we 
are  indebted  to  the  memoir  of  Lacaze-Duthiers.  The  sexes  are 
distinct.  It  breeds  from  the  beginning  of  August  until  the  middle 
of  September.  After  fertilization  by  the  spermatic  particles,  which 
Lacaze-Duthiers  saw  penetrating  into  the  egg^  the  egg  undergoes 
complete  segmentation  (A).  At  the  end  of  this  time  the  embryo 
swims  about  by  means  of  tufts  of  fine  cilia  (Fig.  129,  B),  and  a 
pencil  of  large  cilia  in  front.  It  th^n  lengthens  and  is  provided 
with  seven  bands  of  cilia,  and  the  larva  is  remarkably  worm-like 

Fig.  129. 


Development  of  Dentalium. 

(C).  When  two  days  old  the  mantle  secretes  a  small  shell  (a)  at 
the  end  of  the  body.  The  ciliated  bands  now  approach  and  form 
a  swollen  ring,  or  ciliated  crown,  the  velum,  as  in  fig.  129,  D,  2. 
At  this  time  the  shell  is  median,  unpaired  and  situated  on  the  back 
of  the  larva.  The  lobes  of  the  foot  next  arise.  Fig.  129,  E,  re- 
presents the  young  Dentalium,  after  leaving  the  larval  state,  and 
when  thirty-five  days  old.  The  three-lobed  foot  protrudes  from 
the  shell  now  enclosing  the  animal,  the  rudimentary  tentacles 
(E,  d)  are  visible,  as  well  as  the  suboesophageal  nerve-ganglia 
(E,  J)  and  the  digestive  canal  (E,/,/')  and  liver  {f).  After  this, 
the  change  into  the  mature  form  is  slight. 
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The  winged  searsnaiU  (Pteropods)  are  beautiful  creatures  found 
floating  on  the  high  seas.  With  their  large,  ciliated  velum  and 
rudimentary  foot  they  represent  the  Veliger  or  larval  condition  of 
the  Gastropods.  There  is  scarcely  a  more  strikingly  beautiful  and 
strange  object  in  nature  than  the  Spirialis  with  its  large  heavily 
ciliated  velum,  which  may  be  caught  in  our  harbors  with  the  tow- 
ing net  and  compared  with  the  young  veligerous  gastropods  often 
captured  in  the  same  net. 

The  egg  of  Cavolinia  undergoes  total  segmentation,  and  before 
the  large  yolk-spheres  are  absorbed,  the  spherical  embryo  swims 
about  like  a  larval  infusorian  with  a  crown  of  cilia.  It  may  now 
be  called  a  Trochosphere.     Soon  the  larva  assumes  a  conical  form 

Fig.  131. 

Fig.  132. 

Fig.  180.  P\  /^       )  ^*«-^33. 


Larvrtl    Nudi- 

^olis,  a  Nndi.  ^^*"*^*'- 

branch. 
Styliola  vitrea. 

and  subsequently  the  velum  greatly  expands.  Afterwards  the 
Cavolinia,  with  Its  projecting  foot,  assumes  a  form  much  like  the 
veliger  of  Trochus  (Fig.  140,  B).  Fig.  130  (after  Gegenbaur),  re- 
presents a  singular  Pteropod  veliger  after  the  velum  has  disap- 
peared, consisting  of  three  distinct  ciliated  segments,  like  a  worm. 
Fig.  131,  after  Verrill,  represents  an  adult  Pteropod,  Styliola,  vitrea^ 
enlarged  three  times,  with  the  wings  of  the  velum. 

Bulla,  ^olls  and  Doris,  represent  the  Oplsthobranchlate  or 
naked  mollusks,  which  either,  as  in  the  two  latter  genera,  have  no 
shell,  with  the  gills  arranged  singly  or  In  tufts  on  the  back,  or 
possess  a  white  shell,  as  in  Bulla,  the  bubble  shell.  Fig.  132  (from 
VerrlU's  Report,  represents  ^dE^oZt«).  Fig.  133  ^  (after  Schultze), 
>Fig.  183,  d,  foot;  «,  lUiatUiu-like  decidaoiu  abell;  t^  velom. 
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represents  the  young  Tergipes,  a  naked  sea-slug  allied  to  Doris, 
with  its  lai^e  ciliated  velum  find  foot,  the  animal  being  partly 
surrounded  by  a  large  shell  (a).  This  shell  is  finally  dropped 
with  the  other  deciduous  larval  organs,  the  gills  grow  out  from 
the  back  and  the  soft  elongated  body  of  the  adult  nudibranch,  as 
this  animal  is  called,  is  finally  attained.  It  is  a  singular  fact, 
discovered  by  Sars,  that  in  the  egg-capsules  of  Dendronotns,  as 
many  as  six  embryos  develop  side  by  side. 

We  will  now  more  carefully  study  the  course  of  development  of 
a  Bulla  (Accra  buUata)  as  given  by  Langerhans. 

In  this  animal  the  yolk  of  the  egg  subdivides  into  two  spheres 
of  segmentation,  one  being  much  smaller  than  the  other  and  dif- 
fering in  color.  Each  of  these  two  cells  subdivides  into  similar 
halves.  The  two  larger  cells  then  remain  passive,  while  the 
smaller  form  a  mass  of  nucleated  cells  which  in  two  or  three  days 
form  a  layer  surrounding  the  central,  inactive  yolk  cells.  On  the 
fifth  day  arises  the  first  indication  of  the  shell,  and  on  the  same 
day  is  developed  a  furrow,  the  primitive  mouth,  which  separates 
the  cephalic  end  from  the  postoral  extremity.  On  the  seventh 
day  appear  the  rudiments  of  the  organ  of  hearing,  and  on  the  day 
after,  the  operculum.  On  the  ninth  day  the  pharynx,  stomach  and 
intestine  begin  to  develop.  On  the  fifteenth  day  Fig.  134. 
the  otolites  are  seen  in  the  ear.  The  liver  is  next 
formed,  and  a  fei«  days  after  the  eyes  and  nerve 
ganglia,  when  the  larva  hatches. 

With  the  mode  of  development  of  Chiton,  a  cyclo- 
branchiate  Gastropod,  Lov6h  has  made  us  ac- 
Fig.  135.  quainted.  The  larva  leaves  the  egg  oval  in 
form,  with  a  ciliated  ring  in  the  middle  of 
the  body  and  a  long  tuft  of  large  cilia  on 
the  head.  Afterwards  it  becomes  annu- 
lated,  as  in  Fig.  134  (after  Lov6n)  and  two 
eye  specks  appear.  Its  resemblance  to  a 
worm  larva  is  now  remarkable.  It  soon  settles  down  into  a  quiet 
life  as  a  Chiton  (Fig.  135,  C7.  ruber ^  represents  a  species  found 
on  our  shores,  from  Verrill's  Report,  after  Morse),  and  the  lime- 
stone plates  correspond  to  the  primitive  larval  rings. 

Of  the  mode  of  development  of  the  other  marine  univalve  shells 
(Prosobranchiate  Gastropoda),  I  cannot  do  better  than  avail  my- 
self of  the  recent  papers  of  Dr.  Salensky.    His  studies  were  made 


Chiton. 


VelfgerofChitOD* 
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on  shells  living  in  the  Black  Sea,  but  we  have  species  of  Calyptraea 
and  Trochus  on  our  own  coast. 

Calyptraea  sinensis  la3'8  its  eggs  in  pear-shaped  capsules  at- 
tached to  the  same  mussel  or  stone  on  which  it  lives.  The  young 
of  the  same  brood  develop  at  the  same  time.  Development  be- 
gins with  the  total  segmentation  of  the  yolk.  After  it  divides 
into  eight  cells  the  blastoderm  forms,  which  consists  of  a  single 
layer  of  cells,  the  result  of  the  subdivision  of  the  first  four  spheres 
of  segmentation,  which  grow  over  and  envelop  the  yolk  spheres, 
thus  forming  the  two  germinal  layers  (ectoderm  and  endoderm). 
The  cells  of  the  outer  layer  multiply  and  form  the  blastoderm, 
from  which  the  skin,  mantle  and  external  organs,  as  well  as  the 
walls  of  the  mouth  arise,  while,  as  in  the  articulates,  the  aliment- 
ary canal  with  its  dependencies,  the  liver,  etc.,  arise  from  the  pe- 
riphery of  the  yolk  cells,  the  central  mass  being  absorbed. 

As  soon  as  the  blastoderm  is  formed,  a  heap  of  cells  arise  and 
the  ectoderm  pushes  in  at  a  spot  which  becomes  the  ventral 
side  of  the  body.  This  is  the  primitive  mouth.  The  anterior 
part  of  this  cellular  heap  is  the  first  indication  of  the  "  head- 
vesicle,"  which  becomes  a  provisional  organ  well^  developed  in 
the  larva,  and  is  also  seen  in  the  embryo  fresh- water  snails  (Pul- 
monata).  The  sides  of  the  primitive  mouth  form  the  two  *'  sails" 
of  the  velum  or  swimming  organ,  so  characteristic  of  the  larval 
moUusks,  and  which  was  first  noticc<l  by  Foiiskal,  who  wrote  on 
animals  just  a  century  ago.  Finally,  the  posterior  edge  of  the 
infolding,  which  is  also  at  first  a  little  mass  of  cells,  is  the  first 
indication  of  the  foot.  The  whole  surface  of  the  embryo  is  now 
«    ,«-  covered  with  cilia,  and  by  their  movement 

Fig.  136.  '  "^ 

the  embryo  with  its  fellows,  rotates  in   its 
capsule. 

The  next  change  consists  in  the  growth 

and    differentiation    of    the    parts    already 

sketched  out.     The  germ  of  the  foot  extends 

backwards,  the  mouth-opening  deepens  and 

becomes  tube-like,   the    first    indication    of 

eigero     a  yp  rica.      the  pharynx  (Vorderdarm).     The  next  most 

important  change  is  the  presence  of  a  layer  of  cells  between 

the  outer  and  inner  germinal  layers,  which  is  called  the  middle 

germ  layer,  with  cells  very  unlike  the  outer  layer,  from  which  are 

developed  the  muscles  of  the  foot  and  head  as  well  as  the  heart 
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itself.  Salensky  thinks  that  this  middle  layer  arises  from  the 
outer.  It  appears  first  on  the  ventral  side  of  the  embryo.  The 
germ  is  now  of  the  form  indicated  by  Fig.  136  (ce,  ectoderm ; 
'ce,  middle  layer,  the  yolk  spheres  representing  the  inner  layer, 
endoderm  ;  m,  mouth ;  v,  velum  ;  /,  foot.     After  Salensky). 

The  next  important  chapter  in  the  life  history  of  the  Calyptraea, 
is  the  appearance  of  the  mantle,  which  arises  as  a  disk-like  thick- 
ening of  the  outer  germ  layer  on  the  back  of  the  embryo.  In  the 
middle  of  the  disk  the  shell  grows  out  as  a  cup-like  cavity  which 
is  connected  only  around  the  edge  with  the  mantle,  but  is  free  in 
the  centre.  The  ears  or  auditory  vesicles  next  appear,  which,  like 
the  eyes,  begin  as  an  infolding  of  the  outer  germ-layer. 

Up  to  this  time  the  entire  body  has  been  symmetrical.  Along 
the  longitudinal  axis  of  the  body  are  the  foot,  the  head-vesicle, 
the  germ  of  the  alimentary  canal,  and  on  each  side  a  lobe  of  the 
velum.  The  alimentary  canal,  now  further  developed,  begins  to 
curve  to  the  left,  and  as  the  shell  grows,  the  visceral  sack,  or  post- 
oral  portion  of  the  t>ody,  hangs  over  on  one  side.  Not  until  the 
organs  of  sense  appeared,  the  ears  with  their  otolites,  and  the  eyes 
with  their  pigment  cells,  did  Salensky  discover  any  trace  of  a 
nervous  system,  and  then  it  was  not  the  cephalic,  but  the  ganglion 
of  the  foot  which  first  arises  as  Y\g.  137. 

a  mass  of  nerve  cells  from  the  ,^  „ 

ectoderm. 

Fig.  137  (after  Salensky)  re- 
presents the  asymmetrical  larva 
with  the  shell  enveloping  a  large 
part  of  the  body,  and  the  velum 
(v)  and  foot  (/)  well  developed. 
The  larval  head  forms  a  third 
of  the  whole  body  and  is  still 
finely  ciliated.     The  temporary  /^ 

larval    heart    (A),    a  large    oval      Vellger  of  Calyptnea  farther  advanced. 

vesicle,  is  situated  on  the  right  side  of  the  back  of  the  embryo, 
between  the  head  and  anterior  edge  of  the  mantle,  in  quite  a  dif- 
erent  position  from  that  of  the  adult  heart,  which  afterwards  arises 
as  a  new  organ.  The  larval  heart  contracts  rhythmically  sixty 
times  a  minute.  This  is  an  entirely  diflferent  organ,  says  Salensky, 
from  the  pulsating  vesicle  or  *'  heart"  seen  by  Duben  and  Koren 
in  Purpura  (Fig.  138,  P.  lapUlus  and  egg  capsules,  from  Verrill's 
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Fig.  138. 


Report)  and  Buccinum,  or  the  contractile  vesicle  found  by  Semper 
in  Ampullaria,  Cyprsea,  Murex  and  Ovulum,  or  the  dorsal  vesicle 
of  the  Pulmonates  (snails).    There  is, 
however,  a  similar  larval  heart  in  Nassa. 
At  this  stage  also  appears  the  primi- 
tive kidney  (Fig.  137,  A;),  also  a  deciduous 
organ,  the  permanent,  adult  kidney  aris- 
ing in  another  part  of  the  body  far  be- 
hind the  larval  heart.     It  resembles  the 
primitive  kidneys  of  the  snails  (Pulmo- 
urpuraan      gg   apsu  es.    j^^^^^g^^  ^^^  appears  first  as  a  sort  of 

necklace  consisting  of  four  yellowish  cells,  situated  next  to  the 
larval  heart. 

Meanwhile  the  more  the  posterior  part  of  the  body  grows,  the 
larger  and  more  spiral  becomes  the  shell,  until  the  helmet  sh&pe 
.of  the  adult  is  approached.     At  this  stage  also   the  gill-cavity 
appears,  but  there  is  as  yet  no  trace  of  the  gill  itself. 

In  a  succeeding  stage  the  foot  has  increased  in  length,  the 
spire  of  the  shell  has  begun  to  topple  over  as  it  Were  and  fall 
on  one  side  like  a  skull  cap,  and  now  the  adult  heart  (the  peri- 
cardium being  formed  first),  and  permanent  kidney  and  gills  grow 
out.  The  gills  originate  from  the  ectoderm.  It  is  not  until  this 
period  that  the  end  of  the  intestine  and  anal  outlet  is  formed. 
The  provisional  larval  organs  now  begin  to  disappear,  the  ceph- 
alic-vesicle (larval  head)  grows  smaller,  the  primitive  Fig.  139. 
kidneys  disappear.  Of  the  larval  visceral  organs  only 
the  heart  remains  which,  though  smaller,  still  pulsates. 
It  now  rests  under  the  mantle  in  the  branchial  cavity. 
There  are  now  two  gill-leaves,  and  finally  the  perma- 
nent heart  is  formed.  The  further  changes  consist  in 
the  perfection  of  all  these  organs  and  the  development 
of  the  shell  into  the  helmet  shape  of  the  adult.  Fig. 
139  (after  Morse)  represents  the  common  Calyptroza 
striata  of  our  own  coast.  We  have  seen  that  the  usual  five  stages 
have  beeu  undergone,  i.e.  the  egg,  morula,  gastrula  (not  so  well 
marked  as  in  the  pond  snail.  Fig.  141),  veliger  and  adult. 

The  metamorphoses  of  Trocbus  represent  another  type  of  de- 
velopment in  the  Gastropods,  which  illustrate  points  less  clearly 
wrought  out  in  the  Calyptrsea. 

The  eggs  of  Trochus  vanua  are  very  small,  spherical,  and  laid 
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in  masses  of  jelly  on  sea  weeds.  The  morula,  or  malberry  mass, 
folrms  as  usual.  The  blastoderm  arises  i¥om  a  few  small 
clear  spheres  of  segmentation  situated  at  one  pole  of  four  prim- 
itive dark  morula  cells.  The  four  vitelline  or  primitive  cells, 
instead  of  remaining  passive  as  in  Calyptraea,  subdivide,  as  well 
as  the  blastodermic  cells.  The  egg  now  becomes  flattened  at 
one  pole  and  slightly  pointed  at  the  other,  the  latter  being  the 
anterior  end. 

In  six  hours  after  development  begins,  the  outer  layer  begins 
to  form,  and  the  first  organ  to  arise  is  the  velum,  which  at  first 
consists  of  a  swollen  ciliated  ring  on  the  anterior  end  of  the  em- 
bryo. This  stage  (Fig.  140,  A,  v,  velum,  after  Salensky)  is  equiv- 
alent to  the  trochosphere  (Lankester)  of  the  pond  snail.  It  will 
thus  be  seen  that  the  developinent  of  Trochus  is  now  very  dif- 
ferent from  that  of  th^  Calyptrsea,  where  the  velum,  head- vesicle 
and  foot  arise  simultaneously.  A  little  later  the  mouth  and  oesoph- 
agus arise.  Salensky  remarks  that  the  Prosobranchiate  Gastropods 
as  a  rule  develop  like  Trochus.  In  Vermetus,  however,  according 
to  the  observations  of  Lacaze-Duthiers,  the  velum  does  not  arise 
in  the  form  of  a  ciliated  crown,  but  as  a  paired  organ.  Salensky 
adds,  however,  that  in  other  respects  there  is  a  strong  analogy 
in  Calyptrsea  to  Vermetus  and  Buccinum  and  Purpura,  which 
develop  like  the  former  moUusk,  having  a  similar  larval  heart  and 
primitive  kidneys,  though  the  mode  of  development  of  the  exter- 
nal organs  is  almost  wholly  unknown.  There  are  thus  five  gen- 
era of  Prosobranchiate  Gastropods  which  develop  as  in  Calyptrsea, 
all  belonging  to  the  suborder  Ctenobranchiata. 

On  the  other  hand,  Paludina  vivipara^  Neritina  fluviatUiSy  and 
certain  Pteropods  {Tiedemannia  neapolUanaj  Cavolinia  gibbosa) 
and  a  Heteropod  (Pterotrachea)  are  provided,  as  in  Trochus,  with 
a  ciliated  crown,  the  first  organ  lying  behind  the  primitive  mouth. 

''  A  good  starting  point/'  adds  Salensky,  whom  we  have  in  reality 
been  quoting  all  along,  '^for  the  comparison  of  the  development  of 
Trochus  and  allied  forms,  with  that  of  other  animals,  consists  in 
this  stage  (Fig.  140,  A).  A  cursory  glance  at  the  illustration,  will 
convince  one  that  this  condition  of  the  Trodius  embryo  is  simi- 
lar to  the  larva  of  some  annelides.  Examples  of  such  Annelid 
larvffi  may  be  seen  in  some  SabellidsB  {e.  ^.,  Dasychone  lucuUana)  or 
Spio  {S.  fuliginosms).  The  latter  in  escaping  from  the  egg  have 
a  more  oi:  less  oval  body  consisting  of  two  layers,  its  only  organ 
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a  ciliated  crown  on  the  anterior  part,  of  the  bod}'.  The  idea  of  an 
analogy  between  the  Mollusca  and  Annelid  larva  has  already  been 
suggested  by  Gegenbaur.  Still  more  strongly  does  it  follow  from 
these  facts,  that  in  the  Annelides,  as  surely  as  in  the  Mollusks,  the 
mouth-opening,  with  the  pharynx,  arises  immediately  after  the  for- 
mation of  the  ciliated  crown  and  somewhat  behind  the  same.  Im- 
mediately after  the  formation  of  the  rudimentary  pharynx  arise 
the  characteristic  organs  of  the  two  types :  in  the  Annelides  the 
bod}'  segments  with  their  appendages ;  in  the  Mollusks  the  foot, 
shell  and  two  velar  lobes." 

Salensky  then  compares  the  development  of  Trochus  with  the 
Rotifer,  Brachionus,  and  finds  some  striking  analogies.  His  facts 
we  shall  present  hereafter  in  describing  from  his  memoir  the  life- 
history  of  a  rotifer. 

In  the  second  period  of  development  of  Trochus,  the  true  Vel- 

iger  state  is  entered  upon.     The  mantle  and  shell  are  formed  much 

pj^  i^Q  as  in  Calyptraea.     The  body  is  now 

flattened,   and   the  ciliated    crown 

projects  very  slightl}'.     The  shell 

(s)  has  grown  considerably. 

Fig.  140,  B,  after  Salensky,  repre- 
sents this  stage.  The  pharynx  (d) 
arises  through  a  tube-like  invagina- 
tion of  the  outer  germ-layer,  behind 
the  ciliated  crown  (v).  At  the 
Larval  Trochus.  ^^^^  ^^^^  behind  the  mouth  arises 

a  projection,  which  indicates  the  beginning  of  a  foot  (/).  Within 
the  foot,  as  well  as  in  the  anterior  part  of  the  body,  may  be  no- 
ticed the  middle  germ-layer,  which  arises  as  a  layer  of  cells  be- 
tween the  outer  and  inner  germ-layer. 

In  the  following  stage  the  form  of  the  larva  is  somewhat 
changed.  The  shell  begins  to  unroll  spirally  on  the  under  side  of 
the  body.  The  velum  grows  more  than  the  middle  portion  of  the 
head,  and  the  lateral  lobes  become  larger.  The  operculum  also 
arises  on  the  posterior  portion  of  the  foot. 

Coming  now  to  the  mode  of  development  of  the  Pulmonate 
mollusks  (fresh- water  and  land-snails),  we  find  that  the  aquatic 
orms  undergo  a  complete  metamorphosis,  while  in  the  land-snails 
there  is  no  metamorphosis,  and  they  are  hatched  in  nearly  the 
same  form  as  the  adult. 
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Fig.  Ul. 


Gastrula  of  the  Pond 
Snail. 


The  life  history,  particularly  the  earlier  jstages,  of  the  common 
pond  snail  {Limnosua  stagnalia)  of  Europe  has  been  worked  out  with 
much  care  by  Prof.  Ray  Lankester,  his  observations  confirming 
those  of  Lereboullet,  Pouchet  and  others  so  far  as  they  extended. 

The  eggs  of  Limnseus  are  deposited  in  June  on  the  under  side 
of  water-plants,  in  capsules  enclosing  one,  rarely  two  eggs,  and 
surrounded  by  a  mass  of  jelly.  After  seg- 
mentation the  Gastrula  (Fig.  141,  m,  mouth  ; 
ec,  ectoderm ;  en,  endoderm)  is  formed,  the 
primitive  digestive  cavity  or  mouth  result- 
ing probably  from  an  infolding  of  the  ecto- 
derm. Lankester  believes  that  this  orifice  or 
mouth  is  temporary,  the  mouth  of  the  adult 
being  a  later  production.  The  primitive 
mouth  closes  as  the  embryo  enters  on  the 
Veliger  state,  in  the  earliest  stages  of  which  the  embryo  is  oval 
and  surrounded  by  a  ciliated  ring,  much  as  in  the  larval  Trochus 
(Fig.  140,  A).  This  state  is  called  by  Lankester  the  "Troeho- 
sphere."  A  definite  Veliger  stage  is  finally  attained ;  the  foot  is 
large  and  bilobed,  the  mantle  and  shell  then  arise  and  the  larva 
soon  passes  into  the  definite  molluscan  condition,  with  a  shell, 
creeping  foot,  mantle-flap  and  eye-tentacles.  The  young  snail 
hatches  in  about  twenty  days  after  life  begins. 

Professor  Lankester  confirms  the  suggestions  already  made  by 
Gegenbaur,  Morse  and  Salensky  regarding  the  resemblance  of  the 
larval  mollusks  to  young  worms.  He  remarks  also  that  both  the 
Trochosphere  and  Veliger  forms  are  "  well  known  and  character- 
istic of  various  groups  of  Worms  and  Echinoderms,  and  the  latter 
is  seen  in  its  full  development  in  the  adult  Rotifera,  and  in  the 
larval  Gasteropoda  and  Pteropoda.  The  identity  of  the  velum  of 
larval  Gasteropods,  with  the  ciliated  disks  of  Rotifera,  seems  to  ad- 
mit of  little  doubt,  and  it  would  be  well  to  have  one  term,  e.  g.^ 
velum,  by  which  to  describe  both.  The  Trochosphere  is  the  ear- 
lier, more  or  less  spherical  form  in  which  the  velum  is  represented 
by  an  annular  ciliated  ridge,  and  which  is  sometimes  (e.  ^.,  Chiton) 
provided  with  a  polar  tuft  of  long  cilia. 

"The  cell,  polyblast  (morula),  gastrula,  trochosphere,  and  vel- 
iger phases  of  molluscan  development  are  not  distinctive  of  the 
molluscan  pedigree;  they  belong  to  its  prse-molluscan  history. 
The  foot,  shell-gland,  and  the  odontophore  are  organs  which  are 
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distinctively  molluscan — the  last  characteristic  of  the  higher  Mol- 
Insca  only — the  other  two  of  the  whole  group,  and  their  appear- 
ance must  be  traced  to  ancestors  within  the  proper  stem  of  the 
molluscan  family  tree.  The  foot  is  essentially  a  greatly  devel- 
oped lower  lip." 

We  would  add  that  the  Molluscan  as  well  as  Annelid  Trocho- 
sphere  may  be  directly  compared  (morphologically,  not  histolog- 
ically) with  the  embryo  Infusoria  (see  Fig.  83,  E,  p.  91)  and  the 
ancestry  of  the  MoUusca  as  well  as  the  Vermes  should,  as  Haeckel 
declares,  be  traced  back  to  the  Infbsoria,  perhaps  the  parent- 
forms  of  the  entire  animal  world  above  the  Protozoa. 

The  usually  hermaphrodite  Cephalophoraf  as  a  rale,  to  sum  up 
the  different  phases  of  their  metamorphosis,  pass  through  the  foU 
lowing  stages : 

1.  Egg. 

2.  Morula. 

3.  Gastrula.     (sometimes  suppressed?). 

4.  Veliger  (the  earliest  substage  being  the  Trochosphere,  which 
passes  into  the  generalized  Cephalula  form ;  or,  restricted  to  the 
mollusks,  the  Veliger  stage). 

5.  Adult  mollusk,  with  foot,  shell  and  often  lingual  ribbon 
(odontophore). 
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Development  of  the  Cephalopoda.  Though  the  homologies  of  the 
Cephalopoda  with  the  Cephalophora,  particularly  the  Pteropods, 
are  quite  direct,  yet  the  cuttlefishes  differ  greatly  in  their  mode  of 
growth,  particularly  in  the  emlwyologlcal  stages.  W%ile  the  work 
of  Kolliker  on  the  development  of  the  Cephalopoda  is  a  classic,  yet 
I  shall  here  avail  myself  in  part  of  Ussow's  more  recent  work. 
'  His  observations,  made  at  Naples,  are  based  on  two  species  of 
Sepia,  Sepiola,  LoHgo  and  Argonakita  argo^  and  they  agree  so 
well  in  their  embryology,  that  the  following  description  answers 
for  all.  In  the  partial  segmentation  of  the  yolk,  Ussow,  as  Kolli- 
ker before  him,  was  reminded  of  the  same  process  in  the  eggs  of 
birds  and  the  turtle.  It  begins  on  one  side  of  the  yolk ;  a  primi- 
tive fuiTow  arising,  which  is  intersected  at  right  angles  by  a  second 
fUrrow  forming  four  divisions,  afterwards  eight,  rintil  finally  a  one- 
layered  germinative  disk  (blastoderm)  is  formed  on  a  portion  of  the 
surface  of  the  eggy  on  the  second  day  after  development  begins. 
The  inner  germ-layer  then  arises,  which  farther  splits  into  two 
sulhlayers  (the  outer  of  which  is  the  dermo-muscular,  and  the 
inner  the  intestino-flbrous). 

In  Loligo  and  Sepiola  by  the  7th  or  8th  day  the  germ  becomes 
perfectly  spherical  and  ciliated  in  portions,  so  that  it  rotates  in  its 
saJc. 

In  the  second  period  of  development,  that  of  the  production  of 
organs,  the  blastoderm  covers  the  entire  yolk.  The  mantle  be- 
gins to  form,  next  the  rudiments  of  the  eyes  arise  from  the  ecto- 
derm, and  the  mouth  appears.  The  embryo  is  now  like  a  convex 
disk,  or  rather  a  hollow  hemisphere. 

On  the  10th  day  the  gills,  flmnel,  arms  and  anal  tubercle  make 
their  appearance,  the  germ  of  the  gills  arising  from  the  dermo- 
muscular  sub-layer  of  the  middle  germ-lamella. 

On  the  11th  day  the  rudiments  of  the  auditory  organs,  the 
pharynx  and  salivary  glands  arise,  as  well  as  the  anal  orifice,  and 
on  the  succeeding  day  the  auricles  of  the  heart,  the  pericardium 
arising  afterwards.  The  walls  of  the  aorta  and  of  the  larger  arte- 
ries and  veins,  with  the  offshoots  of  the  latter  (the  so-called 
kidneys),  are  developed  from  the  cells  of  the  middle  lamella, 
which  become  elongated  and  arrange  themselves  in  rows.  On 
the  13th  day  the  ink-sac  develops,  and  the  liver.  The  intestinal 
tract  originates  from  the  primitive  invagination  of  the  outer 
germ-layer  (ectodeim)  as  in  Amphioxus,  Ascidia,  some  Coelen- 
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terates,  the  Bracliiopoda,  Vermes,  etc.     As  to  the  mode  of  origin 
of  the  nervous  system,  Ussow  says  '*I  have  been  compelled  to 


i  evelo^;nie.ii  o.  the  Cuiiie  Fish. 

give  up  forever  the  hope  of  finding  any  resemblance  to  its  de- 
velopment in  the  Vertebrata,  Tunicata,  Annulosa  and  Mollusca." 
All  the  ganglia  of  the  Cephalopoda  origiifate 
from  more  or  less  compact  thickenings  of  the 
middle  germ-lamella  (dermo-muscular  sub-layer), 
as  in  the  peripheral  ganglia  of  the  vertebrates. 

Ussow  was  unable  to  trace  the  origin  of  the 
genital  glands,  as  they  do  not  arise  until  after 
the  animal  is  three  days  old,  and  he  could  not 
keep  his  specimens  alive  beyond  this  period. 

Now  returning  to  Kd Hiker's  memoir  for  our 
information  regarding  the  later  stages.  Fig.  142, 
A  (?^,  mantle  ;  &,  branchial  processes  ;  8,  siphonal 
processes ;  a,  mouth ;  c,  eyes ;  1-5  rudimentary 
arms,  after  Kolliker)  represents  the  disk-like  em- 
bryo resting  on  the  surface  of  the  yolk  ;  B,  a  side 
view  of  the  embryo  when  farther  advanced  (y, 
I  yolk  sack ;  A,  head),  and  C  the  same  still  older, 

the  yolk  sac  still  smaller,  the  contents  having 
been    partially   absorbed.     Soon   after  this  the 
body   and   arms  grow   longer,   and  the    animal 
EggCappuie  of  Lo-   moves  about  iji  its  shell. 

For  our  information  regarding  the  still  later 
history  of  our  native  cuttle  fishes  we  are  indebted  to  the  observa- 
tions of  Frof.  Verrill,  from  whose  report  on  the  Invertebrates  of 
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Fig.  146. 
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Fig.  147. 


Development  of  a  Cuttleflsh.    Alter  VerrUI. 
AMSB.  NATURAUST,  VOL.  IX.  20  (806) 
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Vineyard  Sound  in  Prof.  Baird'a  U.  S.  Fish  Commission  report 
tliese  cuts  are  taken.  Fig.  143  represents  the  egg-capsule  of 
LoUgo  PealiL  Fig.  144^  represents  the  young  of  the  same  cuttle 
fish,  with  the  yolk  sac  (y).  Fig.  145  represents  the  same  farther 
advanced,  while  Fig.  146  gives  an  idea  of  the  same  after  hatching, 
the  yolk  having  been  completely  absorbed.  Another  species  of 
cuttle  fish  (Lob'go  pallida)  is  represented  by  Fig.  147. 

Such  is  the  usual  mode  of  development  of  the  cuttle  fishes.  But 
in  an  unknown  form  probably  over  three  feet  in  length,  as  its  mass 
of  eggs  was  thirty  inches  long,  the  mode  of  development  is  entirely 
different.  The  growth  of  the  embryo  is  greatly  accelerated,  and 
immediately  after  segmentation  it  assumes  a  state  analogous  to 
the  Trochosphere  of  other   mollusea.     To  Grenacher's  beautiAil 


Development  of  an  unknown  Cuttlefish. 

memoir  we  are  indebted  for  the  following  facts  regarding  the 
life-history  of  this  cuttle  fish,  whose  adult  form  is  unknown.  He 
studied  the  eggs  found  fioating  in  the  Atlantic  ocean,  and  was  un- 
able to  raise  it  to  maturity.  After  paitial  segmentation,  the 
process  being  indicated  by  from  five  to  eight  radiating  streaks, 
on  the  surface  of  the  yolk,  the  embryo  assumed  the  form  indi- 
cated by  Fig.  148,  which  represents  the  blastoderm  growing 
around  the  under  pole  of  the  yolk  mass  and  approaching  the 
anterior  end,  where  there  is  a  swollen,  ciliated  band  (v)  appar- 
ently identical  with  the  velum  of  the  Trochosphere  of  the  lower 
mollusea.  This  is  an  interesting  point  as  Grenacher  adopts 
Lov6n's  opinion  that  the  arms  of  the  Cephalopods  represent  and 

>Fig.  144  a,  a'%  a'",  a'*'%  the  light  arms  belonging  to  four  pair-;  c,  the  side  of  the 
bead;  e,  the  eye;/,  the  caudal  fins;  A,  the  heart;  m,  the  mantlo  in  which  the  color- 
vesicles  are  already  developed  and  capable  of  changing  their  colors;  o,  the  internal 
cavity  of  the  same;  «,  siphon.    The  letters  in  Fig.  145  are  the  same  (after  Yerrill). 


Digitized  by  VjOOQIC 


LIFE   HISTORIES   OP  THE   MOLLUSGA.  307 

are  homologous  with  the  veUim'  of  the  lower  mollusks,  particularly 
the  Pteropods,  and  not  with  the  foot  as  commonly  urged. 

This  spherical  stage  is  also  remarkable  for  the  early  appearance 
of  the  mantle,  with  the  contractile  pigment  cells  (chromatophores). 
It  will  be  seen  that  the  entire  egg  is,  as  in  the  lower  mollusks, 
converted  directly  into  the  embryo.  The  embryo  soon  elongates, 
the  mantle  grows,  the  eyes  and  arms  bud  out,  and  the  form  of  the 
adult  is  rapidly  sketched  out  as  in  Fig.  149  (m,  mouth ;  a,  a',  a", 
arms ;  /,  inner  and  outer  funneUlayer ;  m^  mantle,  the  dotted  line 
ending  in  a  chromatophore  ;  h,  ear  ;  gr,  optic  ganglion  ;  €,  eye. 

We  thus  have  in  the  embryology  of  this  form,  which  seems 
not  very  different  from  Loligo  (as  may  be  seen  in  a  more  advanced 
stage  figured  by  Grenadier  not  reproduced  here),  a  mode  of  de- 
velopment much  more  like  the  lower  mollusks  than  was  before 
suspected. 

Of  the  embryology  of  the  fossil  Tetrabranchiate  Cephalopods 
(the  Ammonites,  etc.)  we  know  from  the  beautiful  researches  of 
Professor  Hyatt  that  the  shell  in  Ammonites  as  well  as  Goniatites 
begins  as  a  minute  globular  sac ;  in  Nautilus  this  sac  "  is  not  re- 
tained, but  traces  of  its  former  existence  are  apparent  on  the 
apex  of  the  first  whorl,  in  the  form  of  a  scar  or  cicatrix." 

Summarizing  the  known  facts  regarding  the  living,  dibranchiate 
Cephalopods,  we  have  eggs  and  spermatic  particles  developed  in 
separate  sexes,  the  egg  passing  through  the  following  phases. 

1.  Partial  segmentation,  analogous  to  that  of  Vertebrates. 

2,  a.  Trochosphere  (  ?)  or  germ  developing  on  the  surface  of  the 
yolk  and  gradually  absorbing  it ;  the  Gastrula  state  suppressed ; 
or,  as  is  more  usually  the  case  (6),  the  adult  form  is  directly  at- 
tained. 
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Sanberger,  Barrande  and  Yerrill. 
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REVIBWS  Ain>   BOOK  NOTICES. 

The  Hekpetologt  of  Europe. * — In  this  work  we  find  the 
fullest  list  of  European  Batrachia  and  Reptilia  which  has  ever 
been  brought  together.  They  are  characterized  by  full  descrip- 
tions, each  of  which  is  accompanied  by  an  outline  figure  of  the 
more  essentially  distinctive  parts  of  the  animal.  As  a  manual 
for  the  determination  of  the  species  of  European  Reptilia,  this 
work  appears  to  be  the  most  convenient  in  existence,  providing 
the  classification  be  not  taken  into  account.  It  is  also  full  in 
the  matter  of  geographical  distribution,  supplying  a  want  which 
has  long  been  felt  especially  by  extra  European  students. 

Since  the  work  is  stated  on  the  title  page  to  be  ^^  Systematische 
Bearbeitnng,"  it  may  be  well  to  take  a  glance  at  the  system 
adopt. d.  We  find  that  the  Batrachia  are  arranged  in  accordance 
with  the  system,  or  rather  want  of  system,  of  fifty  years  ago.  The 
important  structural  features  which  distinguish  the  crania  of  the 
salamanders,  pointed  out  by  Genais,  Gray  and  others,  are  not 
regarded  as  of  sufiScient  weight  to  affect  the  classification.  In 
consequence  the  genus  Euproctus  is  united  with  Triton,  and  Geo- 
triton  with  Spelerpes.  The  arrangement  of  the  frogs  and  toads 
is  still  more  remarkable.  But  one  of  the  fonr  genera  embraced 
in  the  Pelobatidee  belongs  to  it,  and  this  genus  Pelobates  em- 
braces two  well  defined  genera  of  authors.  The  typical  species 
of  one  of  these  Didocus  calcaratus  is  regarded  as  a  synonyme  of 
the  very  distinct  Cultripes  provincialis.  Of  the  three  remaining 
genera,  two  belong  to  the  Discoglossidoe^  the  type  genus  of  which, 
DiscoglossuSy  is  placed  in  the  Ranidas,  a  group  which  stands  in  the 
remotest  relation  to  it  consistently  with  reference  to  the  same 
order.  In  the  Anura  as  in  the  Urodela,  osteological  characters, 
the  only  reliable  ones,  are  quite  neglected. 

Among  the  serpents  we  notice  with  regret  the  substitution  of 
the  time-honored  Coluber  by  Callopeltis  of  later  nativity,  and 
Periops  is  scarcely  different  from  Lamenis.  The  family  charac- 
ters are  derived  from  the  dermal  scuta,  which  are  quite  inadequate 
for  such  servce.    Characters  of  like  ineflaciency  figure  in  the  dl- 

i  HerpetologlA  Enropnoa:  Systematische  Bearbeitung  der  amphibieon  and  reptUien 
w.  in  Buropa  anl^eAindsind  von  Dr.  Egir  Schreiber,  Brunswick,  1875. 
(808) 
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agnoses  of  the  families  of  Lacertilia,  hence  we  find  the  Agamid 
genera  referred  to  the  Iguauidse,  and  Opheomorus  and  Anguis 
to  the  Scincidae  1 

The  review  of  geographical  distribution  at  the  close  of  the 
volume  is  valuable  in  proportion  to  its  completeness,  which  the 
date  of  the  work  in  a  measure  guarantees.  But  with  every  appre- 
ciation of  the  value  of  the  author's  species  work,  the  absence  of 
systematic  analj'sis  deprives  his  book  of  the  scientific  merit  which 
would  otherwise  belong  to  it. — E,  D.  C. 

The  Distribution  of  Insects  in  New  Hampshire.^ — ^The  author, 
in  this  interesting  essay,  discusses  with  his  characteristic  thorough- 
ness the  relations  of  the  faunie  (Alpine,  subalpine,  Canadian  and 
AUeghanian)  which  have  their  representatives  in  that  state.  It  is 
illustrated  by  a  map  of  the  state,  showing  the  relations  of  the 
Canadian  and  AUeghanian  faunae,  and  another  of  the  Alpine  and 
subalpine  regions  of  the  White  Mountains.  The  data  are  drawn 
from  the  butterflies  and  grasshoppers.  We  were  not  aware  that 
such  excellent  material  existed  for  such  a  full  discussion  of  the 
subject,  which  will,  we  doubt  not,  greatly  stimulate  further  studies 
on  the  geographical  distribution  of  insects  in  this  countr3^ 

Principles  of  Metal  Mining.*  —  This  is  a  compact,  clearly- 
written  and  well  illustrated  little  manual  by  a  practical  miner  and 
member  of  the  London  Geological  Society.  The  author  has 
adapted  it  for  the  instruction  of  young  miners  starting  in  life. 
We  have  not  met  with  a  better  and  briefer  introduction  to  the  art 
of  mining  for  the  general  reader. 

BOTANY. 

Fucus  serratus  and  Fucus  anceps.  —  I  have  received  IVom 
Prof.  A.  F.  Kemp,  of  Enox  College,  Galesburg,  111.,  specimens  of 
Fucy,s  anceps  Harvey,  and  Fucus  serratus  Linn.,  with  the  follow- 
ing notes  concerning  them  which  will  be  interesting  to  marine  bot- 
anists. 

^Tho  Distribution  of  Insects  in  New  Hampshire.  A  cliapter  ft'om  the  first  volnme  of 
the  Final  Report  upon  the  Geology  of  Now  Hampshire.  By  S.  H.  Scndder.  Concord^ 
1874.    Royal  8vo.    pp.  3 11-380.    With  two  maps  and  a  plate. 

s  Principles  of  Metal  Mining.  By  J.  H.  Collins.  Putnam's  Elementary  Science 
Series.  With  76  illustrations.  New  York,  G.  P.  Putnam's  Sons.  ISmo,  pp.  149.  Price 
70  cents.    For  sale  by  A.  A.  Smith  A  Co.,  Salem,  Mass. 
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I  very  much  doubt  whether  F,  serratus  ever  grew  on  our  coast. 
I  am  not  aware  that  any  botanist  has  found  it  in  situ  or  in  such  a 
condition  as  to  warrant  the  belief  that  it  was  indigenous.  In  June, 
1869,  I  found  it  in  Pictou  Harbor,  Nova  Scotia,  but  only  in  mod- 
erate quantity  and  attached  to  movable  stones.  It  had  all  the  ap- 
pearance of  being  introduced  from  Europe,  the  European  ships 
coming  for  lumber  were  accustomed,  I  was  told,  to  discharge  their 
ballast  in  the  deep  water  of  the  harbor.  This  ballast,  to  my 
knowledge  is  often  taken  from  the  sea-shore.  In  this  way  I  think 
the  plant  has  been  brought  to  this  coast.  It  would  be  interesting 
to  know  whether  the  plant  has  been  found  anywhere  else.  Dr. 
Harvey's  authority  for  assigning  it  to  our  coast  is  doubtful.  *  *  * 

At  Peak's  Island  I  found  a  form  of  Fucus^  very  abundant  there 
but  not  noticed  anywhere  else.  I  sent  it  to  Dr.  Harvey  who  ac- 
knowledged it  to  be  new  to  the  Atlantic  coast,  and  like  a  Fucus 
lately  found  in  Ireland  which  he  said  was  named  ^^  Fucus  anceps" 

It  grows  very  large,  has  the  habit  of  F.  serratus  but  wants  the 
serratures.  It  grows  just  at  low  water  mark  and  is  never  al- 
together free  from  the  moisture  of  the  sea.  I  have  observed  places 
north  and  south  of  Peak's  Island,  but  have  never  seen  a  specimen 
anywhere  else. 

It  looks  so  much  like  the  young  of  F,  vesciculosus  that  it  is  apt 
to  be  taken  for  it,  which  it  certainly  is  not. 

A  specimen  sent  me  by  Harvey  is  muc1i  less  robust  than  mine, 
very  diminutive  indeed  but  seems  to  have  a  like  form. — D.  8. 
Jordan. 

Gentiana  Andrewsii. — In  one  of  the  numbers  of  the  Nat- 
uralist for  1874,  some  remarks  were  offered  by  a  correspondent, 
regarding  the  fertilization  of  this  species  by  humble  bees.  It 
was  assumed  since  the  stigma  and  its  style  also  project  some  dis- 
tance beyond  the  anthers,  that  this  species  needs  the  assistance 
of  insects  to  become  properly  fertilized.  The  stigma  is  brought 
in  contact  with  the  pollen  in  the  natural  development  of  the  flower. 
In  the  bud  the  epipetalous  stamens  and  their  cohering  anthers  are 
superior  to  the  stigma.  The  latter  is  raised  by  the  growth  of 
both  style  and  ovary,  but  especially  the  ovary,  and  pushed  up 
through  the  ring  of  the  cohreing  anthers,  but  not  until  they  have 
matured  their  pollen.  This  they  shed  so  plentiftilly  as  to  bury 
completely  the  stigma  for  the  time  being,  and  fertilize  it  even 
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more  effectually  than  could  possibly  be  done  by  humble  bees  in 
the  manner  suggested  by  your  correspohdent.  Observation  will 
fully  establish  the  main  fact  of  this  statement. —  M.  W.  Vausen- 
BURG,  Ft.  Edward,  N.  F.,  Apr.  10,  1875. 

Stenogramma  interrupt  a. — In  Grevillea  for  December,  1874, 
is  an  article  by  Mr.  E.  M.  Holmes,  "On  Stenogramma  inierrupta 
Harv.,"  in  which  the  writer  states  that  Harvey  had  never  published 
an  account  of  the  tetraspores  of  that  plant,  of  which  material  had 
been  sent  him  by  Miss  Gifford.  In  the  **  Nereis  Araer.  Bar.,**  Part 
II,  p.  162,  Harvey  acknowledged  the  receipt  of  Miss  Gifford's 
specimens,  and  gives  a  full  account  of  the  literature  of  this  spe- 
cies, which  is  Stenogramma  interrupta  of  Montague,  not  of  Harvey 
as  Mr.  Holmes  has  it.  —  \V.  G.  Farlow. 

A  Directory  of  American  Botanists  has  appeared  in  the 
**  Bulletin  of  the  Torrey  Botanical  Club,"  New  York.     Also  de 
scription  of  new  fungi  from  New  Jersey,  with  other  notes  of  value 
to  working  botanists. 

Preserving  Fungi.  —  A  good  method  for  the  preservation  of 
Fungi  is  to  place  them  in  a  solution  of  1  part  calcic  chloride* 
10  parts  hydric  oxide.  This  will  change  the  phosphates  in  the 
fungus  into  phosphate  of  lime  (calcic  phosphate),  after  which  they 
will  be  found  to  keep  well. — J.  H.  Martin. 

Vol  vox. — A  work  b}'  Dr.  F.  Cohn  on  the  developmental  history 
of  the  genus  Volvox  has  lately  appeared. 

North  American  Fungi. — The  Rev.  J.  M.  Berkeley  continues 
his  notices  of  our  Fungi  in  "  Grevillea." 

ZOOLOGY. 

New  PflYLLOPOD  Crustaceans. — I  have  received  from  Dr.  E, 
Cones,  naturalist  of  the  United  States  Northern  Boundary  Com- 
mission, a  collection  of  these  animals  which  he  writes  "  occurred  in 
myriads  in  several  small  prairie  pools  from  a  hundred  yards  to  a 
half  mile  or  so  wide,  exactly  on  the  Boundary  line,  49°  N.,  just 
on  the  west  bank  of  Frenchman  River,  Montana.  You  will  not 
find  this  stream  on  the  map,  perhaps,  by  this  name ;  it  is  one  of 
the  first  of  the  whole  series  of  similar  streams  flowing  south  into 
Milk  River.  The  species  was  not  observed  elsewhere.  The  ponds 
were  extensive  shallow  sheets  of  sweet  watex,  of  a  comfortable 
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wading  depth,  generally  with  a  little  open  space  in  the  deepest 
part,  but  mostly  choked  with  luxuriant  vegetation  (Graraineie| 
Utricularia,  etc.).    Date  of  collection  first  week  in  Jul}*." 

The  occurrence  of  the  Apus-like  form,  which  may  be  called  Lep- 
idurus  Couesiiy  is  of  much  interest,  as  the  genus  has  not  before 
occurred  on  this  continent  south  of  the  Arctic  regions  and  Green- 
land, where  L.  glacioUis  occurs.  Our  western  species,  however, 
more  closely  resembles  L.  productus  IVom  Europe,  but  differs  in 
the  much  longer  telson,  which  is  long,  slender  and  spatulate.  In 
this  character,  and  its  much  longer  carapace  it  differs  from  L, 
glacialts  from  Greenland.  It  also  differs  f^om  L,  productua  in  the 
eyes  being  closer  together  and  more  prominent. 

In  the  males  the  carapace  is  a  little  shorter,  and  the  telson  twice 
as  large  as  in  the  other  sex,  being  three  or  four  times  as  long 
as  that  of  L.  productua.  Thirty-two  males  and  thirty-one  females 
occurred.     This  equality  in  the  number  of  the  sexes  is  noteworthy. 

With  these  occuiTcd  a  new  Lymnetis  with  eggs.  It  is  interme- 
diate in  size  between  L.  Gouldii  and  L,  gracilicornis^  but  more 
spherical  than  either.  It  may  be  recognized  at  once  by  the  much 
produced,  mucronate  front,  which  in  the  two  other  species  is  broad 
and  spatulate  and  square  at  the  end.  From  this  character  it  may 
be  called  Lymnetis  mucronatus.  Length  .I0-.13  inch. — A.  S. 
Packard,  Jr. 

Artificial  Hatchino  of  Grasshoppers. — I  recently  noticed 
the  hatching  of  grasshoppers  under  such  peculiar  circumstances 
that  I  thought  them  worthy  of  public  mention.  I  was  travelling 
with  U.  S.  Troops  in  the  southwestern  part  of  Dacota  Territory, 
through  a  region  which  had  been  visited  by  the  flight  of  grass- 
hoppers of  1874.  It  was  January  and  the  weather  intensely  cold. 
We  generally  came  into  camp  each  day  at  4  p.  m.,  when  the  snow 
was  cleared  off,  tents  pitched  and  fires  lighted  in  them,  which  soon 
thawed  out  the  ground  and  heated  it  for  some  distance  around. 
The  fire  was  not  kept  burning  more  than  five  hours  at  any  camp, 
yet  often  the  next  morning  young  grasshoppers  were  seen  skipping 
about  as  full  of  life  as  though  they  had  not  been  subjected  to  such 
an  unusual  forcing  process. — W.  L.  Carpenter,  (7.  S,  Army^ 
Camp  Eobinson^  Neb,<i  Jan,  17,  1875. 

[It  seems  probable  to  us  that  the  larvae  of  the  Caloptenus 
hatched  in  the  autumn  before  the  snow  fell,  as  those  of  other  and 
allied  grasshoppers  do  in  New  England.-^ Eds.] 
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Dendroica  DOMINICA  IN  INDIANA. — Dr.  Coucs  fiotlces  in  the 
Naturalist  for  Jul}',  1873,  the  occurrence  of  Dendraka  Dominica 
Baird,  "so  far  north  "  as  Kanawha  Co.,  West  Va.,  as  stated  by 
Mr.  W.  D.  Scott. 

I  shot  in  Indianapolis,  Sept.  25,  1874,  an  individual  of  that 
species,  apparently  intermediate  between  the  varieties  Dominica 
and  albilora  as  given  by  Baird,  having*  the  part  of  the  superciliary 
stripe  before  the  eye  strongl}'  tinged  with  yellow,  and  the  yellow 
of  the  chin  and  maxillae  naiTowly  bordered  next  the  bill  ^ith 
white. 

Seiurus  Ludovicianus  Bp.  I  found  last  year  about  Green  Bay, 
Wisconsin,  in  some  abundance  in  the  latter  part  of  April. — D.  S. 
Jordan. 

TuE  Whistling  Swan.  —  A  fine  adult  specimen  of  the  whist- 
ling swan  {Chfgnus  Americanus)  was  obtained  on  the  20th  inst., 
by  James  Logan,  near  Shelbjnille,  in  this  state.  It  measured 
eighty-four  inches  from  tip  to  tip  of  the  wings.  It  was  shot  while 
feeding  along  a  small  stream  of  water  in  company  with  two  others, 
one  of  which,  from  its  brown  color,  was  evidently  young.  The 
swan  is  exceedingly  rare  in  this  state,  only  stopping  occasionally 
on  its  way  to  the  North.  —  E.  S.  Crosier,  LoiUsville^  Ky.y  March 
27, 1875. 

Habits  of  Snails. — A  specimen  of  Helix  pomatia  lived  for 

eleven  months  without  feeding,  and  slept  for  seventeen  weeks.     Its 

weight  was  diminished  by  013  gr.,  or  0*6  per  cent,  dailj'. — J.  V. 

^Sivei-s,  C.  B.  Ver.  Riga,  (xix,  p.  112),  Zoological  Record  for  1872. 


GEOLOGY  AND   PALEONTOLOGY. 

Fossil  Batrachia  in  Ohio. — Prof.  J.  S.  Newbenyv  director  of 
the  geological  survey  of  Ohio  has  made  additional  collections  in 
the  fossil-bearing  coal-measures.  Land  vertebrate  remains  of  that 
age  have  as  yet  been  only  found  in  Ohio  within  the  limits  of  the 
United  States,  and  the  specimens  are  noted  for  their  singularity 
and  beauty.  Thirt^'-three  species  of  Batrachia  have  been  found ; 
but  no  reptiles  nor  higher  vertebrata.  One  of  the  novelties  is  a 
species  of  the  genus  Ceraterpeton,  the  first  time  a  European  genus 
has  been  detected  in  this  country.  This  form  is  as  large  as  a  rat, 
and  has  a  pair  of  stoat  horns  on  the  back  of  its  head,  in  the  posi- 
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tion  and  having  much  the  form  of  those  of  the  ox.  The  skull  is 
sculptured  by  rows  of  small  pits,  separated  by  fine  radiating 
ridges.-^  Independent, 

The  Prospect  op  Volcanic  Eruptions  in  the  West  seems 
to  be  good  if  the  opinions  of  the  geologists  of  Wheeler's  Expedi- 
tion are  correct.  "In  the  4)ast  they  have  occurred  so  recently 
that  it  is,  indeed,  surprising  that  there  is  no  human  record  of 
them,"  and  eruptions  may  take  place  at  any  time  in  the  future. 
In  Southern  Utah  they  ascertained  that  there  are  connected  floods 
of  lava  covering  an  area  of  5,000  square  miles,  while  in  Arizona 
and  New  Mexico  there  is  an  area  not  less  than  20,000  square  miles 
in  extent,  and  never  before  recognized  as  a  connected  belt. 

Glacial  Phenomena  in  Utah. — The  southern  limits  of  the 
ancient  system  of  glaciers  has  been  ascertained  by  the  geologists 
of  Wheeler's  Survey,  through  the  entire  extent  in  longitude  of  the 
Survey,  and  an  attentive  examination  has  been  made  of  the  record 
of  an  expansion  of  Great  Salt  Lake,  which  occupied  the  valleys 
of  Utah,  while  the  highest  mountain  gorges  were  choked  with  ice. 

ANTHROPOLOGY. 

Clay  "Hunting-whistles." — There  occasionally  occurs  among 
the  relics  of  central  New  Jersey,  found  upon  the  surface,  short, 
cylindrical  tubes  of  fire-baked  clay,  measuring  from  one  and  one- 
half  to  two  inches  in  length,  slightly  tapering,  being  half  an  inch 
or  slightly  larger  at  one  end,  and  about  three-eighths  of  an  inch 
at  the  smaller  end.     These  tubes  I  have  always  considered  as 

Fig.  150. 


simply  pipe-stems,  and  such,  in  fact,  they  may  be ;  but  two  facts 
connected  with  them,  now  suggest  the  possibility  of  their  having 
been- utilized  as  whistles  (?).  Every  specimen  met  with  has  been 
very  carefully  squared  at  the  end  which  joined  the  bowl  of  the 
pipe,  if  the  specimens  are  pipe-stems,  showing  that  they  were 
utilized  after  the  fracture  occurred.  Considering,  however,  the 
great  abundance  of  fragments  of  clay  pipes,  it  seems  strange  that 
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no  broken  stems,  not  smoothed  at  the  broken  end  should  be  found. 
Split  stems,  and  fragments  of  bowls  are  met  with,  and  occasion- 
ally an  entire  pipe.  The  specimen  figured  (150)  giving  a  good 
idea  of  the  whole  series  as  found  by  me,  was  taken  from  an  "  In- 
dian" grave,  associated  with  the  usual  "  find"  of  relics  so  occurring. 
This  fact  seems  to  indicate  that  whether  utilized  pipe-stems  or  im- 
plements de  novo,  they  had  some  special  use  ;  and  I  suggest  that 
such  use  was  as  whistles.  By  placing  the  thumb  over  the  basal 
or  larger  opening,  and  holding  the  specimen  at  right  angles  to  the 
lips,  it  requires  but  a  slight  blowing  effort  to  make  a  remarkably 
shrill  clear  whistling,  which  can  easily  be  heard  a  quarter  of  a  mile. 
In  the  hands  of  th^  aboiigines,  accustomed  to  their  use,  no  doubt 
a  much  shriller  "call"  could  be'madis  with  them.  Of  course  the 
whole  matter  is  an  undeterminable  one^  but  I  suggest  this  as  a 
plausible  explanation  of  the  presence  of  considerable  numbers  of 
this  peculiar  relic. —  Chaules  C.  Abbott,  M.  D.,  October,  1874. 

The  Bronze  Age  in  Switzerland. — The  Memoirs  of  the  So- 
ciety of  .Natural  Sciences  of  Neuchatel  (Tome,  iv,  part  2),  con- 
tains a  beautifully  illustrated  memoir  on  the  bronze  age  in  Swit- 
zerland, especially  of  the  Lacustrian  inhabitants. 

MICROSCOPY. 

A  Section  Cutter  for  hard  objects.— *  Dr.  George  Iloggan's 
section  machine,  as  described  at  the  Queckett  Club,  differs  radi- 
cally from  the  tubular  style  of  section  cutters  in  common  use. 
According  to  the  inventor's  assurance,  which  is  fully  justified  by 
the  appearance  of  his  contrivance,  he  had  at  the  time  of  its  con- 
struction never  seen  a  section  cutter  of  any  kind,  and  to  this  fact 
he  attributes  the  originality  of  his  conception.  The  object  to  be 
cut,  instead  of  being  packed  in  a  tube,  is  (protected  by  slices  of 
carrot  or  pieces  of  paper)  fastened  by  means  of  a  clamp  and 
binding  screw  upon  a  sliding  support  or  "table"  which  is  moved 
in  a  grooved  track  at  right  angles  to  the  course  of  the  saw  or  knife 
by  a  screw  capable  of  giving  a  graduated  naotion  of  ^ J^  inch.  On 
each  side  of  this  sliding  table,  and  attached  to  the  bed-plate  on 
which  it  slides,  is  an  upright  guide-bar  to  serve  as  a  lateral  sup- 
port for  the  instrument  making  the  sections.  Hard  sections,  as 
of  bone,  are  cut  with  a  fine  saw,  what  is  called  the  "Pearl  saw" 
being  the  best,  which,  like  all  other  saws,  should  in  Dr.  Hoggan'a 
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opinion,  be  mounted  so  as  to  cut  during  the  pulling  and  not,  dur- 
ing the  pushing  stroke.  The  saw  cuts  sections  of  bone  at  the 
rate  of  one  in  two  to  three  minutes,  which  are  suflSoiently  thin  and 
smooth,  and  only  require  to  be  washed  free  from^  sawdust  to  be 
ready  for  mounting.  The  saw  frame  being  thicker  than  the  blade, 
the  upper  part  of  each  of  the  guides  is  set  back  so  that  the  blade 
and  frame  of  the  saw  will  both  move  in  the  same  perpendicular 
plane.  Both  blade  and  frame  are  held  against  the  guides  by  steel 
springs,  the  face  of  the  guides  being  also  protected  by  hardened 
steel,  securing  a  correct  path  for  the  saw  independently  of  the 
skill  of  the  operator.  For  cutting  soft  tissues,  with  a  razor,  the 
instrument  is  turned  so  that  the  cutting  is  done  in  a  horizontal  in- 
stead of  a  vertical  plan^,  the  object,  being  arranged  on  the  sliding 
table  by  means  of  a  tray.  The  cavity  most  convenient  for  ordi- 
nai'y  work  will  contain  a  1^  inch  cube  of  the  material  to  be  cut, 
though  it  may  be  so  enlarged  as  to  permit  the  cutting  of  a  section 
of  4X6  inches. 

Recent  Objectives. — Mr.  Charles  Brooke  in  his  President's 
Annual  Address  before  the  Royal  Microscopical  Society,  makes 
some  interesting  suggestions  in  regard  to  last  year's  improvements 
in  object  glasses.  A  "remarkably  fine  ^th"  by  Powell  &  Lealand, 
with  an  avowed  single-front  lens  is  mentioned,  but  its  principle  of 
construction  is  not  discussed,  as  it  has  not  been  made  known  by 
its  makers. 

Increased  flatness  of  field  has  been  obtained  in  objectives  con- 
structed on  Mr.  Wenham's  formula,  by  replacing  the  original 
single  plano-convex  posterior  lens  by  two  plano-copvex  lenses  of 
proportionally  less  curvature.  Mr.  Brooke  possesses  a  |th  thus 
improved,  which  excels  in  definition  any  other  objective  in  his. 
possession.  It  defines  well  with  the  sixth  eye-piece  of  Ross,  which 
however,  ho  would  'never  think  of  using  except  as  a  test  of  defini- 
tion. 

The  fog  which  is  so  conspicuous  a  defect  in  some  otherwise  ex- 
cellent glasses,  he  suggests  may  be  partly  due-  to  the  multiplica- 
tion of  cemented  contact-surfaces,  and  that  it  may  be  so  excessive 
in  certain  cases  because  of  increasing  not  in  the  simple  ratio  of 
such  surfaces,  but  in  proportion  to  the  square  of  that  number,  as 
if  an  objective  with  four  cemented  surfaces  should  have  fpur  timjes 
as  much  fog  as  one  with  two  such  surfaces. 
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Personal  Equation  in  Microscopt. — The  "Monthlj'  Micro- 
scopical Jonrnar*  gives- the  following  excellent  summary  of  Mr. 
Ingpen's  interesting  commanication  on  the  above  subject  to  the 
Qucckett  club :  — 

'^Mr.  Ingpen«communicated  some  notes  on  ^Personal  Equation,' 
with  reference  to  microscopy.  He  first  explained  the  uscv  of  the 
term  in  astronomy,  as  exemplified  in  transit  observations,  and  in 
its  more  extended  differences  by  a  constant  quantity  between  ob- 
servers, short  of  actual  defects  of  vision.  The  same  causes 
affected  microscopical  observation,  though  they  were  not  so  well 
recognized  as  in  astronomy.  The  principle  points  referred  to 
were  the  following :  I.  Mental  equation,  as  causing  differences  in 
interpretation,  particularly  with  regard  to  test-objects.  II.  Ne)*V' 
OU8  equation,  as  shown  by  varied  sensibility  to  tremors,  etc.  III. 
Color,  Difficulty  in  estimating  color,  as  noted  in  Admiral  Smyth's 
*  Sidereal  Chromatics.' — Right  and  left  eye  often  differ  in  this  re- 
spect.—  Effect  of  yellow  crystalline,  referred  to  by  Professor 
Liiebreich  in  his  lecture  on  'Turner  and  Mulready.* — Difference  in 
visibility  in  violet  end  of  the  spectrum,  amounting  in  some  cases 
to  slight  fluorescence. — Effect  of  red  and  yellow  grounds  in  in- 
creasing definition  in  certain  cases. — Effect  of  bluish  mist  caused 
by  slight  opacity  of  cornea  or  crystalline  upon  estimation  of  the 
correction  of  objectives. — Color  blindness  often  existing  in  a 
slight  degree  unsuspected,  and  difficult  of  detection.  IV.  Focal 
equation.  Differences  in  effect  of  long  and  short  sight  upon  cover 
correction,  etc.,  also  upon  depth  of  focus,  and  power  of  resolving 
surface  markings.  —  Differences  in  size  of  images  formed  by  right 
and  left  eye,  and  consequent  effect  upon  binocular  vision. — Want 
of  accommodation,  and  pseudoscopic  vision,  etc.  V.  Form. 
General  tendency  of  the  eye  to  show  ultimate  particles  circular. — 
Effect  of  square  and  triangular  apertures. — Effect  of  astigmatism 
upon  form,  particularly  of  lines  and  dots,  as  seen  in  different 
directions. —  Reference  to  Professor  Liebreich's  lecture.  —  Effects 
of  diffraction  upon  points  of  light,  etc. — General  considerations 
of  the  effects  of  unnoticed  differences  of  vision  producing  discre- 
pancies often  attributed  to  other  causes." 

The  microscopists  seem  no  more  agreed  than  other  critics,  as  to 
the  peculiarities  of  the  later  Turner  pictures,  as  "  Mr.  J.  G.  Waller 
differed  from  Mr.  Ingpen  with  reference  to  the  later  pictures  of 
Mulready,  which  Professor  Liebreich  considered  to  show  the  effect 
of  yellow  crystalline;  and  gave  reasons  for  thinking  that  the 
blaeness  of  those  pictures  was  due  to  their  unfinished  condition. 
He  thought  also  that  Turner's  later  pictures  showed  extravagant 
mannerism  which  could  be  thrown  aside  at  will." 

Pigment-Particles. — Dr.  J.  G.  Richardson's  suggestion  that 
particles  of  dried  blood  which  washing  has  failed  to  remove  fVom 
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the  irregular  surface  of  previously  used  glass  slips  or  covers  have 
been  habitually  mistaken  for  recent  objects  and  have  become  fa- 
miliarly recognized  as  pigment-particles,  is  discredited  by  Mr. 
Brooke,  who  does  not  believe  such  a  theory  applicable  to  the  work 
of  experienced  microscopists.  • 

NOTES. 

Mr.  R.  U.  Piper  in  an  article  in  a  dail}'  paper  on  the  use  of 
Paris  green  in  killing  potato  beetles,  warns  people  against  its  use 
as  it  is  a  deadly  poison.  A  single  grain  is  sufficient  to  cause 
death,  and  a  little  of  the  dust  received  into  the  system  from  time 
to  time  is  extremely  dangerous.  M.  de  Kerchove  also  deprecates 
.the  use  of  the  arsenite  of 'copper  (Scheele's  or  Paris  green)  as  too 
dangerous  a  substance  to  be  made  common.  Its  careful  use  during 
the  coming  season  should  be  inculcated. 

Sir  Charles  Ltell  has  bequeathed  $10,000  to  the  Geological 
Society  of  London,  ^'  for  the  encouragement  of  geology,  or  of  any 
of  the  allied  sciences  by  which  they  shall  consider  geology  to  have 
been  most  materially  advanced,  either  for  travelling  expenses,  or 
for  a  memoir  or  paper  published  or  in  progress,  and  without  refer- 
ence to  the  sex  or  nationality  of  the  author,  or  the  language  in 
which  it  may  be  written." 

Dr.  Hofmann,  of  Berlin,  recently  delivered  the  Faraday  Lect- 
ure of  the  Chemical  Society  at  London.  At  a  dinner,  when  one 
hundred  and  eighty  scientists  were  present,  "probably,"  says 
"  Nature,"  one  of  the  most  remarkable  scientific  dinners  that  have 
taken  place  for  some  years,  he  made  a  noble  appeal  in  behalf  of 
the  recognition  of  the  high  value  of  pure  scientific  research. 

Dr.  Steixdachmer  recently  read  a  paper  before  the  Imperial 
Academy  of  Sciences  at  Vienna,  on  the  river  fishes  of  the  south- 
eastern coast  district  of  Brazil,  from  the  mouth  of  the  La  Plata 
to  that  of  the  San  Francisco. 

Daniel  Hanbury,  the  joint  author  (with  Dr.  Fliickiger)  of  a 
late  work  entitled  "History  of  Drugs"  died  March  24th,  aged  49. 
He  was  an  F.  R.  S.  and  treasurer  of  the  London  Linnaean  Society. 

Dr.  H.  R.  Goeppert,  the  venerable  professor  of  botany  at 
Brcslau,  celebrated  the  fiftieth  anniversary  of  his  graduation,  Jan, 
llth. 
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AcTiNG-GoTERNOR  Van  Zandt  has  appointed  George  H.  Wilson 
member  of  the  commission  to  prepare  plans  for  a  geological  and 
scientific  survey  of  the  State  of  Rhode  Island,  in  place  of  Hon. 
Rowland  Hazard,  declined. 

Prof.  M.  Foster  and  A.  G.  Dew-Smith  lately  read  a  paper 
•    before  the  Royal  Society  "  On  the  behavior  pf  the  hearts  of  mol- 
lusks  under  the  influence  of  electric  currents." 

Pbof.  Asa  Gray,  at  a  meeting  of  the  French  Academy  held 
on  the  16th  March,  was  elected  an  honorary  member  in  the  depart- 
ment of  science. 

Just  as  we  are  going  to  press,  we  learn  that  the  bill  for  the 
scientific  survey  of  Massachusetts  failed  to  pass  the  House,  but 
the  vote  (nearly  a  tie  vote)  in  its  favor  was  so  large  as  to  indicate 
that  public  sentiment  strongly  demands  a  resurvey  of  the  state. 
The  DQOvement  in  Massachusetts  has  extended  to  Connecticut  and 
Rhode  Island,  while  the  recently  published  report  of  Prof.  Hitch- 
cock, as  state  geologist  of  New  Hampshire,  is  a  credit  to  that  state. 
We  look  confidently  to  the  institution,  within  the  next  year  or  two, 
of  resurveys  of  nearly  all  the  New  England  states. 

It  seems  that  our  paragraph  taken  from  a  Swiss  paper  regarding 
the  block  of  granite  designed  to  cover  the  grave  of  Agassiz,  con- 
tained some  errors.  The  bowlder  in  reality  came  from  the. terminal 
moraine.  Judging  from  its  position  when  removed,  it  must  have 
formed  part  of  the  median  moraine,  and  have  been  about  7,000 
feet  higher  up  where  Agassiz  lived  on  the  Aar  glacier.  It  prob- 
ably came  originally  from  the  "  Abschwung." 

The  University  of  Wisconsin  at  Ann  Arbor  has  received  an 
appropriation  of  $80,000  from  the  legislature  for  building  a  Sci- 
ence Hall. 

We  have  received  from  Mr.  C.  F.  Dennet  an  interesting  pam- 
phlet entitled  "Vegetable  Fishes,"  with  special  reference  to  the 
textile  fibres,  etc. 

The  fifth  volume  of  the  Annals  of  the  "Museo  Civico"  of 
Genoa  is  devoted  to  an  elaborate  memoir  on  the  birds  of  Borneo, 
by  Salvador!,  of  Turin. 

A  PROPELLER  has  bccn  invented  to  imitate  the  action  of  the 
dorsal  undulating  fin  of  the  pipe  fish  and  sea-horse. — Nature. 
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The  Signal  Service  oflSce  at  Washington,  is  to  publish  in  its 
weather  i*eports,  the  more  apparent  phenological  phenomena,  t.  e., 
the  times  of  flowering  of  plants  and  appearance  of  animals  in  the 
United  States. 

It  seems  that  a  species  of  Peronospora,  the  same  genns  of 
fUngi  as  tliat  which  occasions  the  potato  rot,  infests  the  opiam 
crop  of  India  very  seriously,  causing  the  blight. 

ANDERSON   SCHOOL   OF   NATURAL  HISTORY,  SESSION   OP   1875. 

Owing  to  the  impossibilit}'  of  carrying  on  the  Anderson  School 
of  Natural  History  at  Penikese,  on  the  same  terms  as  formerly, 
the  trustees  have  decided  to  charge  a  fee  of  fifty  dollars  for  the 
coming  session.  The  price  of  board  will  be  fixed  at  the  lowest 
possible  terms.  The  course  of  study,  for  the  season  of  1875,  will 
be  announced  at  an  early  date.  It  is  very  desirable  that  applica- 
tion for  admission  be  made  at  once  to  the  director.  Preference 
will  be  given  to  teachers.  —  Alexander  Agassiz,  Director.  Cam^ 
bridge,  April  20,  1875. 
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THE  POTTERY  OF  THE  MOUND  BUILDERS. 

/      BY   F.   W.   PUTNAM. 


By  the  courtesy  of  the  Trustees  of  the  Peabody  Museum  of 
American  Archeeology  and  Ethnology,  Cambridge,  we  are  able  to 
give  the  following  account  of  the  very  interesting  collection  of 
articles,  principally  of  pottery,  from  mounds  in  Missouri,  forming 
the  Swallow  Collection  which  was  secured  by  the  Museum  last 
year,  and  now  recorded  in  the  Eighth  Annual  Report  of  the 
Trustees  made  to  the  President  and  Fellows  of  Harvard  College. 

On  the  decease  of  Professor  Wyman,  the  late  Curator  of  the 
Museum,  in  September  last,  the  Museum  was  then  placed  in 
charge  of  Professor  Gray,  as  temporary  Curator,  who  requested 
Mr.  Putnam  to  write  a  report  on  the  acccessions  to  the  Museum 
during  the  year,  and  the  following  extract  is  from  the  report  ad- 
dressed by  him  to  Professor  Gray. 

To  enable  a  ready  comparison  to  be  made  with  the  several 
vessels  referred  to  in  the  text  as  having  been  described  in  Col. 
Foster's  "  Prehistoric  races  of  the  United  States,"  the  woodcuts 
illustrating  Col.  Foster's  article  in  a  former  number  of  the  Natur- 
alist are  reproduced  at  the  end  of  this  article. 

The  collection  made  by  Prof.  G.  C.  Swallow,  recently  secured  by 
the  Museum,  is  an  important  addition,  particularly  in  articles  of 
potter}^  and  stone  of  the  moundbuilders,  and  as  a  number  of 
woodcuts  representing  many  of  the  most  interesting  of  the  arti- 
cles were  received  with  the  collection,   they  are  here  inserted 

• 

Entered,  according  to  Act  of  Congress,  In  the  year  1876.  by  the  Peabody  Acadbmt  of 
Science,  In  the  Office  of  the  Librarian  of  Oongreaa,  at  Washington. 

AMRR.  NATURAU6T,  VOL.  IX.  21  (821) 
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together  with  the  following  abstract  from  the  manuscript  by 
Professor  Swallow. 

"We  opened  these  mounds  in  December,  1856,  and  the  fol- 
lowing month.  There  were  present,  assisting  with  their  servants 
and  teams,  Messrs.  S.  R.  Phillips,  John  Martin,  M.D.,  Clayton 
Lee,  John  Jackson,  M.  Jackson,  Elijah  Horrel,  Dr.  Case,  Daniel 
Fulton,  A.  E.  Sheelds  of  New  Madrid,  Missouri,  and  Geo. 
Northcutt  of  Columbia  and  some  others. 

"We  cut  a  passage  six  feet  wide  entirely  through  the  "Big 
Mound"  from  side  to  side  and  from  top  to  bottom,  laying  open 
its  entire  structure. 

"This  mound  is  in  Lewis'  Prairie,  west  of  New  Madrid.  It  is 
elliptical  in  form,  900  feet  in  periphery  at  the  base,  570  feet  at  the 
top  which  is  nearly  level  and  about  20  feet  above  the  surround- 
ing country.  This  is  the  wide  bottom  of  New  Madrid  county 
some  60  miles  long  and  30  to  40  wide,  and  is  known  as  the 
swamp  country.  This  was  the  country  effected  by  the  New 
Madrid  earthquake  of  1811. 

"A  room  seems  to  have  been  built  by  putting  up  poles  (like  raft-, 
ers  in  the  roof  of  a  house)  ;  on  these  rafters  were  placed  split  cane 
(Arundinaria  macrosperma)  ;  plaster,  made  of  the  marls  of  the 
bluff  formation,  was  then  applied  above  and  below  so  as  to  form 
a  solid  mass,  inclosing  the  rafters  and  lathing  of  cane,  and  this  held 
all  in  place;  over  this  room  was  built  the  earth  work  of  the 
mound,  so  that  when  it  was  completed  the  room  was  in  its  centre. 
The  earth  work  was  then  coated  with  the  plaster,  and  over  all  na- 
ture formed  a  soil. 

"This  mud  plastering  was  left  rough  on  the  outside  of  the  room, 
but  smooth  on  the  inside  which  was  painted  with  red  ochre. 
(One  of  the  pots  found  had  been  used  as  a  paint  pot). 

"  Some  of  the  plastering  was  burned  hard  as  brick,  but  other 
parts  were  only  sun  dried,  as  sjiown  by  the  pieces  sent. 

"  Some  of  the  rafters  and  cane  lathes  were  found  decayed,  some 
burned  to  coal  and  others  all  rotted  but  the  bark.  Some  of  the 
rafters  were,  probably,  of  cypress,  and  others,  of  elm.  This  inner 
plastering  was  found  flat  on  the  floor  of  the  room  as  it  had  fallen 
in,  and  under  it  were  the  bones  and  pots,  the  latter  including 
one  that  contained  a  human  skull,  which  we  found  at  one  side. 
This  vessel  was  first  hit  by  the  point  of  the  plow.  It  was  bottom 
up,  and  not  broken  nor  even  cracked  when  I  took  it  out  of  its 
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resting  place,  the  skull  within  was  not  broken  and  could  not  be 
taken  out  without  breaking  it  or  the  pot,  a  fact  which  attracted 
much  comment  at  the  time.  I  remember  one  remark  of  Mr. 
Phillips. — "  The  pot  was  made  over  the  person's  head  as  a  pun- 
ishment." The  poti  and  skull  were  afterwards  broken  by  an  acci- 
dent to  the  box  in  which  it  was  packed. 

"All  the  articles  in  this  mound  were  well  preserved  as  the  plas- 
tering protected  them  from  the  elements." 

The  character  of  the  articles  found  in  the  "Big  Mound" 
mentioned  in  the  foregoing  account  by  Prof.  Swallow,  will  be  un- 
derstood from  the  following  short  descriptions  and  accompanying 
illustrations.  The  woodcuts,  though  rather  roughly  executed,  are 
generally  quite  characteristic  of  the  articles  represented.  The 
numbers  used  in  the  descriptions  and  to  designate  the  figures  are 
those  under  which  the  articles  are  entei*ed  in  the  Museum  Catalogue. 
The  clay  in  some  of  the  vessels  has  been  mixed  with  more  or 
less  finely  pounded  shells,  probably  of  fresh  water  muscles.  In 
other  instances  the  pounded  shell  has  not  been  used,  but  fragments 
of  charcoal  are  to  be  traced,  indicating  that  either  charcoal  itself 
was  used  to  temper  the  clay,  or  else,  which  is  more  likely,  that 
some  vegetable  substance  was  mixed  with  the  ^clay,  which,  in  burn- 
ing the  vessels,  was  reduced  to  charcoal.  In  a  few  of  the  speci- 
mens sand  was  mixed  with  the  clay,  and  in  several,  the  clay  was 
apparently  without  any  mixture.  These  last  are  generally  thick 
and  rude  in  their  finish,  while  those  in  which  charcoal  is  now  seen 
are  generally  the  thinnest  and  among  the  more  finely  finished 
vessels,  as  in  No.  7800. 

Many  of  the  vessels  firom  these  Missouri  mounds  show  evidence 
of  having  been  heated  both  on  the  inside  and  outside ;  but  several 
appear  not  to  have  been  so  heated,  and  these  are  not  so  finely  and 
smoothly  finished  as  those  which  have  been  hardened  by  fire. 

The  best  finished  of  these  vessels  have  the  appearance,  noticed 
by  Squier  and  Davis  in  other  specimens  from  the  mounds,  of  having 
been  carefully  shaved  by  a  sharp  knife  on  the  outside.  The  same 
appearance  is  observable  in  the  dark,  Peruvian  pottery.  It  is  pos- 
sible that  this  was  produced  by  making  the  clay  on  the  outside  of 

'This  Tessel  is  represented  as  Fig.  7761 ;  a  smaU  portion  of  it  is  missing  ft-om  near 
the  l>ottom,  and  a  few  fragments  of  a  haman  cranium  and  the  vertebra  of  a  deer  are 
now  in  it.  Prof.  SwaUow  has  made  mention  of  this  sknU  in  the  Proceedings  of  the 
Amer.  Assoc.  Adv.  Sci.,  xxii,  B,  401.— F.  W.  P. 
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the  vessels  very  wet  and  then  hastily  smoothing  it  just  before  it 
was  baked.  The  unbornt  specimens  do  not  have  this  pecnliar, 
smooth  surface. 

No.  7776.  A  jar  burmoanted  by  the  figure  of  a  woman  sitting 
upon  her  feet,  represented  by  the  two  lower  protuberances,  as  seen 
in  the  figure  giving  the  back  view.    The  upper  of  the  three  pro- 
No.  7776. 


jections  shown  in  the  figure  represents  the  curve  of  the  back,  and 
the  front  view  shows  the  hands  resting  on  the  knees.  This  jar 
is  7*7  inches  high,  and  5*8  inches  in  greatest  diameter.  The 
bulging  part  has  a  nearly  even  diameter  varying  but  *2  of  an  inch. 
The  jar  is  slightly  flattened  at  its  base  so  as  to  stand  without 
tipping.  The  opening  at  the  back  of  the  head  is  one  inch  in 
transverse  diameter  by  '8  vertical. 

No.  7775.  This  very  odd  vase  or  jar  is  made  in  the  form  of  a 
woman  represented  in  the  same  squatting  position  as  that  sur* 
mounting  jar  No.  7776.  The  jar  is  perfect,  though,  from  the  clay 
being  less  finely  tempered  than  in  the  preceding,  the  features  are 
not  so  strongly  defined.  Each  ear  is  perforated  by  a  small  hole, 
and  the  pointed  portion  on  top  of  the  head  probably  indicates  a 
different  style  of  head  dress  from  that  of  7776.  The  back  is  rep- 
resented as  very  much  protruded,  the  breasts  are  large  and  well 


Digitized  by  VjOOQIC 


THE  POTTERY  OF  THE  MOUND  BUILDERS.  825 

formed.  The  dimensions  of  the  vase  are  as  follows :  total  height 
4*6  inches ;  from  knee  to  end  of  foot  2*5 ;  from  breasts  to  point 
of  back  2-5  ;  ftom  shoulder  to  shoulder  2-4 ;  diameter  of  opening 
in  the  back  of  the  head  from  '6  to  -7  of  an  inch.    The  very  great 

No.  7776. 


resemblance  of  this  figure  to  a  small  Mexican  idol  in  the  Museum 
(No.  1469)  is  very  striking.  The  idol  is  carved  in  stone  and 
represents  a  woman  in  this  same  squatting  posture  with  her  hands 
upon  her  knees.  See  also  the  fi[gure  of  a  man  in  this  same  posture 
in  Foster's  Prehistoric  Races  of  the  United  States,  p.  240.  This 
last  represents  a  water  jar  of  the  same  general  character  as  7775 
and  is  also  A*om  a  mound  in  Missouri. 

No.  7841.  A  large  pipe  carved  from  a  hard  sandstone  and 
rudely  representing  a  frog  or  a  toad.  The  design  is  better  seen 
ft'om  a  side  view  tlian  from  the  front  as  rep-  j^^  ^^^ 

resented   by  the  woodcut.     The   block   of 
stone  composing  this  pipe  bowl  weighs  8 
pounds   and   9   ounces,   and    is  5*5   inches 
in-  length,  3*7  in  width  and  3*9  in  height. 
The  head  of  the  toad,  or  the  part  projecting 
from  the  front  of  the  block,  is  1*5  inches,  the 
width  of  its  mouth  is  1*7,  and  the  distance 
from  the  outside  of  one  eye  to  the  other  is 
1'2  inches.    The  diameters  of  the  bowl  of  the 
pipe  and  of  the  hole  for  the  stem  are  each  1*3  inches,  and  the  two 
holes  are  equal  in  depth,  2  inches.     The  holes  rapidly  narrow  as 
they  extend  inwards,  being  but  '2  of  an  inch  in  diameter  at  their 
union.    The  hole  for  the  stem  is  symmetrical  throughout,  but 


Digitized  by  VjOOQIC 


326  THE  POTTEBY  OP  THE  MOUND  BUILDERS. 

that  of  the  bowl  is  slanting  on  its  front  and  nearly  vertical  on  its 
posterior  portion. 

No.  7761.  This  is  the  vessel  which  Prof.  Swallow  states  was 
found  "near  the  side  of  the  mound,  bottom  up  and  containing  a 
human  skull  and  one  vertebra."     It  is  rather  rudely  made  and  is 

No.  7761. 


not  so  smooth  on  its  surface  as  the  figure  represents.  There  is 
very  little  mixture  of  other  substances  with  the  clay  of  which  it 
is  composed.  A  small  portion  broken  out  near  the  bottom  shows 
it  to  be  about  -4  of  an  inch  thick,  and  also  that  the  pot  has  been 
hardened  by  fire,  both  on  the  inside  and  the  outside.  As  shown 
in  the  cut,  it  is  provided  with  four  handles  symmetrically  placed. 
It  is  5  inches  high,  6'3  to  6-5  in  its  greatest  diameter  and  4*6  to 
4*8  inches  across  the  mouth. 

No.  777.? 


Nos.  7773  and  7764  are  two  pots  very  similar  to  the  one  last 
described.     The  largest  of  these,  No.  7773,  is  6  inches  high,  and 
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from  7*7  to  8  inches  in  diameter.  The  opening  is  5'8  to  6*3  in 
diameter.  The  other  is  much  thicker,  and  is  about  5  inches  high, 
by  6-8  in  diameter. 

Nos.  7820  and  7824,  represented  in  the  cuts  of   about  one- 
No.  7820.  No.  7824. 


^ 


^ 


quarter  their  natural  size,  are  probably  handles  broken  from  vases 
similar  to  those  taken  from  another  mound  and  here  figured  as 
No.  7717. 

No.  7842  is  probably  a  natural  flint  concretion  that  has  been 
No.  7842.  slightly  worked  over  to  form  a  small  dish.     Its 

shape  is  best  seen  by  tipping  the  engraving 
over  to  the  right.  Its  length  is  4*4,  width  3, 
and  height  1*5  inches. 

No.    7843    is    a    small    discoidal    stone  of 
diorite,  quite   smooth   and   polished,    no.  7843. 
It  is  slightly  concave  on  its  upper 
surface,  with  flat  bottom  and  vertical  sides,  and  is  1*2 
inches  in  diameter  by  '5  of  an  inch  in  thickness. 

No.  7838.   A  double  concave  disk  of  sienite,  2*8  inches  in  diam- 
eter by  1-1  in  thickness.     The  concavities  are  not  over  '2  of  an 
No.  7838.  *°^^  *^  ^^^^^  greatest  depth.    The  sides  of  the 

stone  are  rounded.  No.  7839  is  another  of 
these  stones  of  the  same  shape,  except  that 
the  sides  are  a  little  more  rounded.  This 
stone  is  slightly  polished,  perhaps  by  use. 
It  is  of  the  same  thickness  as  the  first  mentioned  but  is  '6  of 
an  inch  less  in  diameter.  With  these  is  another  discoidal  stone. 
No.  7840,  having  a  thickness  through  its  centre  of  1*4  and  a 
diameter  of  2-9  inches,  but  double  convex  in  shape  and  made  of 
A  ^i^y  sandstone. 

These  discoidal  stones  of  various  forms  and  sizes  are  very 
interesting  relics,  and  as  we  know  that  such  stones  were  used 
in  games  by  the  American  Indians,  especially  by  the  Southern 
tribes  and  by  the  Mandans  as  described  by  Adair,  Finly,  Bartram, 
Catlin,  and  others,  it  is  very  probable  that  these  stones  wherever 
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toxmd  were  used  for  similar  purposes.  Messrs.  Squier  and  Davis,  in 
"  Ancient  Monuments  of  the  Miss.  Valley,"  figure  a  number  found 
in  mounds  and  on  the  surface,  and  call  attention  to  their  enigmati- 
cal character  and  to  the  fact  that  they  have  been  found  from  Ohio 
to  Peru,  and  also  in  Denmark.  So  far  as  their  observations  go, 
they  regard  those  found  in  the  mounds  as,  probably,  of  more  recent 
origin  than  the  mounds,  but  those  found  by  Prof.  Swallow  in  the 
^^Big  mound"  are  evidently  of  the  same  age  as  the  other  articles  in 
the  collection,  and  the  very  large  number  from  the  Mounds  in  Ten- 
nessee, collected  by  Mr.  Dunning  and  now  in  the  museum,  woflld 
indicate  that  they  belong  to  the  mound  period  as  well  as  to  later 
times.  It  is  interesting  in  this  connection  to  record  two  of  the^e 
stones  found  in  Hartford,  Connecticut,  by  the  Rev.  E.  C.  Bolles, 
and  now  in  the  Peabody  Academy  of  Science  at  Salem,  and  also  to 
refer  to  the  specimens  in  the  Museum  from  the  Hawaiian  Islands, 
one  of  which.  No.  2903,  is  labelled  "Stone  used  in  the  game  of 
maiAra,  Hawaiian  Islands. "  The  game  played  with  such  stones 
by  the  Mandans  is  called  "  Tchung-kee,"  which  Adair  gives  as 
"Chungke."  From  these  names  and  the  term  "Chunky-yard," 
used  by  Bartram  in  his  description  of  the  peculiar  enclosure  in  the 
Creek  villages  in  which  the  game  was  played,  these  stones  are 
now  generally  called  "  Chunky-stones,"  but  it  is  questionable  if  this 
name  should  be  given  to  any  except  those  of  large  size  which 
are  perforated,  as  the  game  described  by  Catlin  requires  a  "  ring 
of  stone"  so  that  if  the  pole  is  well  thrown  the  ring  will  fall  upon 
one  of  the  projecting  points  on  the  pole.  That  those  not  perforated 
may  also  have  been  used  for  some  other  game  is  probable  fVom 
the  fact  that  the  stbnes  used  by  the  Hawaiians  in  their  game  of 
"maika"  are,  to  judge  from  the  several  specimens  in  the  museum, 
simple  biconcave  and  biconvex  disks,  in  every  respect  like  those 
found  in  America.  It  is  also  very  probable  that  some  of  the 
smaller  stones  of  this  character  were  used  as  paint  rub1;^ers,  for  it 
is  evident  that  some  such  articles  were  required  if  paint  were  used. 

Nos.  7873  and  7874  are  two  articles  carved  from  a  hard  clay 

No.  7874         No.  7878      ®^^^  ^°^  Carefully  smoothed.     Their  use  is 

problematical,  but  they  so  closely  resemble 

j^B  ^^B       ^^^  ornaments  as  to  suggest  that  they  were 

such.  The  largest  measures  1*2  inches  in 
length  by  *7  across  the  top ;  the  other  is  *D  of  an  inch  in  length 
by  * 6  in  greatest  diameter. 
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No.  7875  is  a  needle  made  of  the  point  of  a  deer's  antler.  The 
larger  end  has  been  perforated  by  a  small  hole  and  is  broken  at 
this  point.  The  woodcut  does  not  give  a  very  good  idea  of  the 
specimen  which  is  38  inches  long  and  '5  of 

•      u     .       ^.  ^  ^    -^      1  1         A  NO.  7875. 

an  inch  in  diameter  at  its  large  end.  A 
similar  needle,  made  of  a  deer's  horn,  was 
found  by  Stevens  with  a  skeleton  in  an  an- 
-cient  burial  place  in  Yucatan,  and  he  states 
that  the  Indians  of  that  country  still  use  the  same  kind  of  needles. 
There  is  also  an  awl,  4*5  inches  in  length,  which  probably  came 
from  the  Big  mound,  though  it  is  not  specially  mentioned  by  Prof. 
Swallow.  This  awl  is  like  those  figured  by  Squier  and  Davis  from 
mounds  in  Ohio,  and  is  made  from  a  bone  of  a  deer* 

Nos.  7858,  7864  and  7865  are  several  masses  of  clay  used  as 
plaster  on  the.  chamber  of  the  mound  as  described  by  Prof.  Swal- 
low, and  several  of  the  pieces  show  the  impressions  of  the  reeds 
over  which  the  clay  was  spread.    No.  7866  is  a  rough  ball  of  burnt 

No.  7886. 


clay  about  3*5  inches  in  diameter,  and  shows  the  impression  of 
the  skin  and  finger  marks  of  the  hands  that  moulded  it.  This 
mass  was  perforated  through  the  centre  as  shown  in  the  figure 
giving  a  section. 

No.  7855  is  a  large  hoe,  beautifVilly  chipped  from  a  piece  of 
brown  flint.  It  is  11*3  inches  m  length,  5*1  in  greatest  width,  and 
1*1  in  thickness  through  the  centre.  One  of  the  surfaces  is  nearly 
flat  and  is  much  polished  by  wear  on  its  lower  third,  while  the  op- 
posite surface  is  slightly  convex  and  only  polished  by  wear  along 
its  lower  edges. 

No.  7834  is  a  polished  celt  of  greenstone,  worked  in  the  form  of 
a  broad  chisel.  Its  flat  surface  represented  in  the  figure  is  2*4 
inches  in  greatest  width  and  4' 7  from  the  rounded  upper  end  to 
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the  beginning  of  the  bevelled  edge,  which  is  '9  of  an  inch  deep. 
The  cutting  edge  is  made  by  the  grinding  down  of  this  side  only. 


No.  7852. 


No.  7855. 


No.  7834. 


Tiie  opposite  surface  is  flat  along  its  central  portion  but  the  sides 
are  rounded.     The  thickness  of  the  stone  is  one  inch. 

No.  7852.  This  is  a  beautiful,  little  chisel  of  orange  flint,  pol- 
ished on  its  two  broad  surfaces  but  with  its  sides  left  roughly 
chipped.  The  greatest  width  of  the  implement  is  across  its  cut- 
ting edge,  which  is  made  by  grinding  from  both  surfaces.  Length 
3*5,  thickness  -7,  width  1*4  inches. 

Nos.  7853  and  7854  are  two  chipped  flint  chisels,  long  and  nar- 


No.  7858. 


No.  7854. 


row,  and  polished  only  at  the  cutting  portion.  The  cutting  edge 
is  made  by  grinding  from  both  surfaces.  The  cuts  do  not  accu- 
rately represent  these  implements,  which  arc  chipped  nearly  flat  on 
one  surface  and  roughly  convex  on  the  opposite.  They  are  of 
the  same  general  shape,  though  of  considerable  difference  in  size. 
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The  largest,  which  is  made  of  a  gray  flint,  is  7*6  inches  in  length, 
.  1*5  in  width  across  the  centre  and  •?  along  the  edge.  The  other 
is  of  a  much  lighter  colored  flint,  and  is  5  inches  in  length,  •?  of 
an  inch  in  thickness,  I'l  in  width,  and  has  a  cutting  edge  of  '6  of 
an  inch. 

There  are  also  a  number  of  other  stone  implements  in  the  col- 
lection, some  of  which  probably  came  from  the  mounds,  and 
others  were  found  on  the  surface.  They  are  all  from  Missouri, 
and  are  as  follows.  Thi*ee  thin  triangular  implements,  No.  7844, 
about  4  inches  in  length,  3  in  width  and  from  '4  to  *5  in  thick- 
ness. These  three  implements  would  be  classed  either  as  small 
hatchets  or  skin  scrapers.  No.  7845  is  a  spear  head,  3*9  long  by 
1-8  wide.  No.  7846  is  a  finely  chipped  knife,  4*9  long  by  1-5  wide. 
This  implement  would  generally  be  classed  as  a  spear  head,  but 
its  finely  chipped  edges  and  long  delicate  shape  rather  indicate 
its  having  been  mounted  in  a  shoi*t  handle  for  use  as  a  knife^. 
No.  7847  is  probably  another  knife,  of  the  general  shape  of  the 
preceding,  but  smaller,  and  having  two  notches  probably  to  aid  in 
securing  it  to  the  handle.  This  knife  is  3*6  long  by  1*4  of  an  inch 
wide.  No.  7848  includes  four  arrowpoints  of  common  form  and 
size.  No.  7849  is  probably  a  small  spearpoint  3  inches  in  total 
length  by  1'5  in  width.  No.  7850  is  a  short  and  broad  arrowhead, 
with  long  wings  or  barbs  and  obtusely  pointed.  This  is  V7  in 
totallength  by  2'0  in  width  across  the  barbs.  No.  7851  is  a  boring 
tool,  2*5  inches  long  by  about  '3  to  '4  of  an  inch  in  diameter^  with 
a  short  but,  about  1*2  inches  wide.  All  the  above  mentioned  im- 
plements are  made  from  white  or  slightly  yellow  colored  flint,  and 
show  perfection  of  workmanship. 

There  are  seven  stone  axes  of  ordinary  size ;  the  smallest  of 
these  being  5  inches  in  length  by  2*8  in  width;  the  largest  is 
7-8  long  by  4-8  inches  in  width.  Nos.  7827,  7830  and  7831  are 
of  sienite,  and  are  grooved  on  three  sides,  the  fourth  side  being 
squared.  In  7827  the  groove  passes  a  little  to  the  squared  or 
handle  side,  and  this  axe  also  has  a  more  rounded  cutting  edge 
than  the  others.  No.  7828,  the  largest  of  the  lot,  is  of  green 
stone  and  the  lower  part  of  the  axe  is  more  narrowed  than  in 
the  others.  No  7830  differs  from  the  others  in  having  a  flat  top, 
like  the  iron  axe  of  the  present  time,  and  more  nearly  resembles 

1  There  are,  in  the  Mnseum,  several  flint  knives  ft-om  Enrope  which  are  very  eimUar 
to  this  implement  fVom  Missouri,  Nos.  859  and  805,  fVom  Riigen,  are  very  close  Indeed  as 
regards  material,  size,  shape  and  finish  of  workmanship. 
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it  in  its  general  shape  than  do  the  others.  No.  7832  is  an  axe 
of  sienite,  but  differs  from  the  preceding  in  having  the  groove 
carried  all  round.  It  is  5*7  long  by  3*4  wide  and  2*2  in  thick- 
ness.  No.  7829  is  a  finely  carved,  grooved  axe,  made  of  clay 
slate.  The  top  is  flat  and  the  surface,  which  came  in  contact 
with  the  handle,  is  slightly  concave,  and  the  groove,  which  is 
quite  deep  on  the  opposite  side,  fades  out  gradually  as  it  ap- 
proaches this  side.  The  front  of  the  axe  is  also  slightly  con- 
cave, and  at  the  same  time  has  a  curved  outline  from  its  top  to 
its  cutting  edge,  which  is  short  and  rounded.  This  axe,  which 
is  beautiful  from  its  perfect  symmetry  and  finish,  is  6  inches 
in  length  3*5  in  greatest  width  just  below  the  groove,  and  2-5  in 
thickness.  The  groove  is  from  *8  to  *9  of  an  inch  in  width.  The 
.  cutting  edge  is  2*5  in  length.  No.  7833,  which  is  specially  marked 
as  having  been  found  on  the  surface  in  Boone  Co.,  is  of  a  very 
unusual  shape  and  may  possibly  be  an  unfinished  implement.  It 
is  of  sienite,  7-1  inches  long,  3-7  wide  across  its  upper  third,  2*4 
along  its  cutting  edge,  its  greatest  thickness  2*5.  The  top  of  the 
axe  is  fiat;  sides  bulging;  front  and  back  edges  grooved  and 
convex  in  outline,  the  firont  of  the  axe  being  the  most  arched. 

Nos.  7835  and  7836  are  two  hatchet-shaped  implements  of 
sienite.  They  are  partially  polished  ^  about  4  inches  long  and 
2*5  wide,  and  of  the  usual  form  of  these  small,  or  hand  celts,  as 
they  are  often  called. 

No.  7861  is  a  small  implement  of  sandstone,  of  about  the  size 
of  the  last,  but  more  triangular  and  with  a  deep  groove,  as  if  for 
the  ball  of  the  thumb  in  holding  the  implement  in  the  hand. 

No.  7837  is  a  small  block  of  mottled  greenstone  such  as  many 
articles  of  ornament  are  made  of.  This  block  is  2*8  inches  by 
3*3,  and  1*2  in  thickness  through  the  middle.  It  has  the  gen- 
eral appearance  of  a  block  roughly  put  in  shape  for  the  final  pur- 
pose of  making  a  "gorget." 

Nos.  7856,  7857,  and  7859  are  pieces  of  sandstone  evidently 
used  for  sharpening  implements.  7859  has  a  number  of  grooves 
occasioned  by  use. 

No.  7763  is  a  portion  of  the  shell  of  Basycon  ft*om  a  small 
mound  in  New  Madrid  Co. 

I  quote  fi*om  Prof.  Swallow's  manuscript  the  following  account 
of  two  other  mounds  opened  by  him,  and  from  one  of  which  the 
rest  of  the  articles  here  described  were  obtained. 
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• 

'^  A  smaller  mound,  418  feet  east  of  the  south  end  of  the  Big 
Mound,  was  examined.  This  mound  was  nearly  circular,  360  feet 
in  circumference,  14  feet  high,  8  feet  above  the  present  surface  of 
the  country,  as  6  feet  of  stratified  sands  and  clays  have  been  de- 
posited on  the  bottom  since  the  mound  was  formed.  In  this  mound 
were  found  ashes,  shells,  charcoal,  fragments  of  bones  and  pots. 
Nothing  of  any  great  value. 

^'  In  Township  23,  Range  15  East  and  Sec.  26,  and  about  6  miles 
E.  N.  E.  of  New  Madrid,  we  opened  a  small  mound,  from  which  we 
obtained  all  the  articles  sent  which  ,are  not  otherwise  designated. 
It  was  overgrown  with  trees  and  had  not  been  disturbed,  save  in  a 
small  place  on  one  side.    This  mound  was  circular  in  form. 

"  The  pots  and  jars  were  found  in  a  circle  near  the  circumference, 
or  perhaps  two-thirds  of  the  distance  from  the  centre  of  the  mound 
to  the  outer  edge,  and  on  the  original  ground  beneath  the  mound. 
We  found  the  base  of  the  mound,  when  the  earth  was  carefhlly  re- 
moved, discolored  with  dark  stains  on  the  earth  in  the  shape  of  a 
human  body,  with  head  to  the  pot  and  the  feet  towards  the  centre 
of  the  mound ;  also,  the  position  of  the  skeleton  was  marked  by 
traces  of  whitish,  calcareous  earth.  We  also  found  some  fragments 
of  the  enamel  of  teeth  just  within  the  line  of  the  pots  where  the 
form  of  the  head  was  shown.  These  bodies  seemed  to  have  been 
placed  as  closely  together  as  possible,  and  a  pot  or  jar  at  the  head 
of  each.  So  regularly  were  they  arranged  that  we  could  find  them 
by  following  up  the  cirgle  after  we  had  discovered  the  key.  There 
seemed  to  be  pots  in  no  other  position  in  the  mound.  All  found 
were  in  this  circle. 

^^  It  appeared  as  if  the  bodies  had  been  placed  in  position,  and 
the  pots  and  jars  in  their  places,  and  then  the  mound  built  over 
them.  In  the  middle  of  the  mound  we  found  with  the  earth, 
ashes,  coal,  fragments  of  shells  {Unionidce)  and  broken  pottery. 
I  found  one  Fusus  near  one  of  the  jars  in  the  circle. 

"  Everything  in  this  mound  was  greatly  decomposed  by  time  and 
the  elements,  save  the  pots  and  jars  of  the  best  quality.  Other  pots 
fell  to  pieces  as  soon  as  they  were  disturbed.  They  have  become 
much  firmer  since  they  were  taken  out. 

"  The  best  pots  are  made  of  blue  clay,  fine  sand,  and  pounded 
shells,  which  materials  exist  in  the  neighborhood." 

Nos.  7747,  7748, 7750,  7751  are  figures  of  the  human  head  in  clay, 
and  once  surmounted  jars  like  No.  7782,  but  of  larger  size.  Prof. 
Swallow  states  that  the  jars  were  all  broken,  and  the  restorations, 
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indicated  by  outlines  in  the  three  woodcuts,  are  as  correct  as 
the  fragments  would  permit.  7745  and  7748  are  the  two  heads 
showing  the  most  finished  workmanship,  and  agree  with  7747,  and 
also  with  7782,  in  having  the  hair  or  a  head  dress  represented  as  an 

No.  7747.  No.  7750. 


£ 


/' 


ornamented  band  over  the  top  of  the  head.  7782  and  7747  have 
this  band  represented  after  the  same  pattern,  or  with  a  central 
and  two  side  projections  or  bunches.  7748  has  a  large  bunch  on 
the  left  side  and  a  smaller  and  circular  one  on  the  right,  while  the 


centre  of  the  band  is  brought  over  the  forehead.  In  this  head  the 
ears  are  peif orated,  while  in  all  the  others  they  are  not  placed  quite 
so  low  down  and  stand  out  prominently  from  the  head.    In  7750 
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the  head  dress  represented  is  evidently  of  a  more  elaborate  pattern 
than  in  any  of  the  others,  and  looks  as  if  the  hair  had  been  ar- 
ranged in  five  folds  of  which  the  central  one  was  much  the  largest. 
There  is  also  a  certain  indescribable  appearance  to  this  head  which 
gives  the  impression  that  it  represents  that  of  a  man,  while  all 
the  others  have  a  feminine  appearance.  All  the  heads  but  7747 
have  the  eyes  and  mouth  represented  with  distinct  lids  and  lips,  but 
in  7747  the  bunch  of  clay  forming  the  mouth  has  not  been  cut  to 
show  the  lips,  and  that  forming  the  left  eye  is  also  a  simple  round 
bunch  placed  in  a  depression  representing  the  eye  socket,  while 
the  bunch  representing  the  right  eye  was  omitted  or  has  since 
fallen  off.  No.  7751  has  the  top  of  the  head  smooth,  as  if  the  in- 
dividual represented  had  been  without  the  usual  head  dress. 

The  following  measurements  will  give  the  size  and  proportions 
of  these  faces. 


No. 

WicUh  of  face,  not 
including  the  pro- 
jecting part  of  the 
ears,  in  inches. 

Distance  fVom  top 
of  head  to  chin, 
not  including  the 
projecting  part  of 
the  heaa   dress, 
in  inches. 

Distance  IVom 
root  of  nose 
to   the   chin, 
in  inches. 

7747 
77i8 
7760 
7751 
7782 

2 

215 

21 

2-4 

11 

21 
2-2 
1-9 
2*4 
1-2 

1-3 
1-5 
11 
1-6 
1-7 

No.  7782. 


No.  7782  is  a  perfect  jar  with  the  head  surmounting  it  and 
having  the  opening  behind.  This  was 
evidently  the  smallest  of  the  several  jars 
of  this  character  found  in  the  tnound, 
and  is  made  of  the  blue  clay,  slightly 
mixed  with  sand,  as  are  the  majority  of 
the  articles  of  pottery  found  in  this 
mound.  The  measurements  of  the  face 
are  given  above.  The  body  of  the  jar 
is  spherical  and  with  hardly  any  per- 
ceptible flattening  below.  The  diameter 
at  its  largest  part  is  from  4*5  to  4*6 

inches,  and  the  total  height  is  5*6  inches.     The  opening  in  the 
back  of  the  head  is  about  *8  of  an  inch  in  diameter. 

The  seven  following  cuts  represent  others  of  this  very  interest- 
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ing  series  of  vessels  with  necks  and  heads  and  with  the  circular 
opening  behind. 

No.  7786  is  7*4  in  diameter  and  7*5  inches  in  total  height. 

No.  7786.  No.  7788. 


3,  which  may  have  been  intended 

8  inches  ;  the  "bill,"  or  part  be- 

inch.      The  apertures  of  these 

me  size,  varj-ing  from  about  1*3 

1  to  represent  some  animal  with 

these  ears  and   the  opening  in 

i  6*1  inches  in  greatest  diameter 

85  have  the  appearance  of  being 

No.  7785. 
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'left  in  the  first  stages  of  the  design  that  they  were  to  exhibit. 
The  larger  of  these  jars  is  7-5  inches  in  diameter  by  8'5  in  height. 
The  smaller  is  4*8  in  diameter  by  5*6  inches  in  height. 

No.  7784  has  the  appearance  of  the  oi)€ning  being  in  the  front 
of  the  head,  which  is  much  pointed,  as  if  the  hair  had  been  car- 
ried to  a  point  above  and  dropped  down  the  back  of  the  neck  in 
liic  form  of  a  queue  with  two  knots.     The  appearance  of  a  high 

No.  7784.  No.  7745. 


forehead  with  a  prominent  nose  and  chin,  which  the  woodcut 
gives,  is  not  so  apparent  on  examining  the  specimen,  as  the  artist 
did  not  properly  represent  the  naiTOwness  of  the  projecting  band 
by  showing  the  neck  upon  which  it  rests.  The  height  of  this  jar 
is  9  inches  and  its  greatest  diameter  is  7*7  inches. 

No.  7745  is  one  of  these  neck  and  head  jars,  of  about  the  same 
size  as  7785,  but  has  the  head  part  reduced  to  a  simple  spherical 
top  without  any  attempt  to  form  features. 

No.  7774  is  a  jar  of  the  general  character  of  the  preceding,  but 
differs  from  them  in  being  colored  red,  and  in  the  whole  jar  being 
made  to  represent  the  form  of  a  bird  at  rest,  perhaps  that  of  the 
horned  owl.  A  front  view  shows  the  feet  and  projecting  part  of 
the  folded  wings,  the  large  eyes,  projecting  feathers  or  "horns" 
of  the  head,  and  the  bill,  which  has  been  broken  off  as  shown  in 
the  cut.  A  back  view  represents  the  back  of  the  head,  with  the 
aperture  of  the  jar,  the  wings  folded  on  the  sides,  and  the  pointed 

AMEB.  NATUKAUST,  VOL.  IX.  22 
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tail,  on  which,  with  the  legs  in  front,  the  jar  firmly  stands.     The  ' 
size  of  this  very  interesting  vessel  is  10  inches  in  height,  7  inches 
in  diameter  from  wing  to  wing,  and  6*7  inches  in  diameter  from 
front  to  back. 

No.  7774. 


Col.  Foster,  in  his  Prehistoric  Races  of  the  United  States,  de- 
scribes and  figures  two  vessels  of  the  same  character  as  those  men- 
tioned above.  On  page  239  of  his  work  he  represents  one  f^om 
a  mound  near  Belmont,  Missouri,  which  in  design  is  very  close 
to  those  here  figured  as  Nos.  7747,  7748  and  7750.  The  most  in- 
teresting of  his  figures,  however,  in  this  connection,  is  that  on  page 
243  of  a  "water  jug  found  near  the  mouth  of  the  Wabash."  This 
figure  shows  the  jar  to  be  of  the  same  rude  design  as  Nos.  7783 
and  7786  of  the  Swallow  collection,  and  must  be  considered  as 
having  been  made  by  the  same  people,  though  there  is  no  indica- 
tion of  its  having  been  found  in  a  mound. —  [To  be  concluded. 
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ABOUT    STARCH. 

BY    PROFESSOR    M.    W.    HARRINGTON. 
II. 

We  have  seeo,  in  a  former  paper,  that  potato-starch  consists  of 
organized  grains,  each  with  a  nucleus  and  around  it  a  series  of 
layers,  each  of  which  is  denser  than  Fig.  isi. 

the  one  next  within.  This  is  the 
typical  form  of  the  grains  of  starch,  i 
but  there  are  many  variations  on 
it.  Many  grains  are  without  rings 
or  nucleus  or  both.  Sometimes 
the  rings  and  nucleus  can  he 
brought  out  in  these,  by  the  action 
of  reagents  or  b}'  partial  solution 
in  any  way.  This  is  illustrated  in 
the  gi'ains  of  wheat-starch.  In  Fig. 
151  (taken  from  Planchou)  we  have 
the  usual  appearance  of  the  starch 
of  wheat.  The  largest  grain  at 
the  bottom  of  the  cut  is  a  com- 
pound grain  rare  in  wheat,  charac-  Wheat  starch. 
teriatic  of  the  starch  of  another  group  of  cereals.  In  the  typical 
grains  we  see  no  rings,  only  occasional  incidental  markings.     In 

Flir.  152. 


Wheat  Starch. 

Fig.  152  (also  from  Planchon),  we  have  wheat  starch  after  the  grain 
from  which  it  was  taken  has  germinated  and  solution  has  begun. 
Id  the  starch-grains  of  many  species,  however,  no  rings  can  be 

(889) 
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Fig.  153. 


Colcbicum  Starch. 


made  out,  even  with  the  aid  of  reagents.  An  illustration  of  this 
is  the  starch  from  the  Colchicum-eorm  of  the  druggists  (Fig.  153). 
Here  we  have  a  nucleus,  often  split  into  stellate  shapes  by  drying, 

but  no  rings.  Rings  are  not 
brought  out  by  reagents,  nor  is 
there  any  cross  with  polanzed 
light.  In  Fig.  154,  which  il- 
lustrates the  starch  of  the  root 
of  aconite,  we  find  neither  nu- 
cleus nor  rings. 

Starch  is  nourishment  for 
the  plant  in  a  condition  for  pre- 
servation. We  consequently 
find  it  in  the  thickened  parts  of 
plants,  which  serve  as  store- 
houses of  nourishment.  The 
starch  of  potato  is  in  the  tuber,  a  sort  of  thickened  tf^)  of  an 
underground  branch.  In  the  colchicum  the  stai'ch  is  in  the  corm 
or  thickened  base  of  the  stem ;  in  squills  it  is  in  the  bulb.  Rhi- 
zomes usually  contain  starch.  That  of  the  white  water-lily  is 
large  and  easily  examined.  The  starch  of  the  ginger  rhizome  is 
quite  characteristic.    That  of   the  rig.  154. 

rhizome  of  sweet  flag  is  very  mi- 
nute ;  the  largest  grains  are  hardly 
<^oW  of  an  inch  in  diameter.  The 
slender*rhizomes  of  the  gold-thread 
contain  a  starch  which  is  larger. 
The  root  often  contains  a  large 
quantity  of  starch.  The  root  of 
StilUngia  of  the  shops  is  almost 
made  up  of  starch.  The  stem  of 
the  sago-palms  contains  starch  in 
immense  quantities.  The  sago  of 
commerce  is  derived  from  several  Aconite  starch, 

species  of  them.  Most  barks  of  trees  contain  starch  ;  though 
often  in  small  quantities,  sometimes  the  amount  of  starch  is  con- 
siderable in  barks.  Cinnamon  contains  a  great  deal.  The  starch 
may  be  confined  to  one  layer  of  the  bark,  or,  more  abundant  in 
one  layer  than  in  the  others.  In  cascarilla  bark,  where  the  middle 
layer  of  the  bark  and  the  liber  intcrdigitate,  it  is  difficult  to  trace 
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out  the  line  of  division  between  the  two  until  iodine  is  added. 
The  middle  layer  contains  much  starch,  the  liber  little.  When 
the  iodine  is  added  the  starch  turns  dark  and  the  middle  layer 
looks  like  a  distinct  black  saw,  with  teeth  projecting  into  the  liber. 
In  many  fruits  and  seeds  starch  is  found;  in  the  embryo  of  the 
bean  and  pea  and  in  the  albumen  of  the  nutmeg,  corn, -wheat  and 
rice,  it  is  very  abundant. 

The  strangest  situation,  though,  in  which  the  writer  ever  found 
starch  was  in  the  centre  of  a  nut-gall.  In  the  middle  of  the  hard 
commercial  galls  (obtained  from  Quercus  lusUanica  Webb,  var. 
infectoria,  from  Asia  Minor),  is  a  little,  hard,  nut-like  case  of 
thick-walled,  stony  cells.  This  case  is  filled  with  cellular  matter 
when  first  formed.  The  larva  of  the  infesting  insect  is  found 
within  this  case,  and  feeds  ^    ^^ 

on  its  cellular  content «*.  If 
the  gall  is  collected  when 
the  insect  has  already  es- 
caped, this  little  nut-like 
sphere  is  empty.  If  the 
gall  is  picked  when  imma- 
ture, there  is  some  matter 
left  in  the  central  nut,  the 
greater  or  less  quantitj'  de- 
pending on  the  immaturity 
of  the  gall  and  of  the  en- 
closed insect.    This  matter 

,  starch  of  Nut  Galls. 

within  the  central  case,  on 

which  the  insect  feeds,  contains  starch.  None  of  the  rest  of  the 
gall-tissue  contains  the  slightest  trace  of  it.  The  grains  (Fig. 
155)  are  large  and  flat  with  a  distinct  nucleus,  and,  usually,  dis- 
tinct rings.  They  produce  a  marked  cross  with  polarized  light. 
They  are  so  large  that  a  cell  seems  to  accommodate  only  a  single 
grain  of  starch. 

The  presence  of  starch  in  this  abnormal  growth  suggests  some 
interesting  questions.  The  starch  is  just  where  the  parasitic 
Cynips  will  eat  it  and  nowhere  else.  Starch  is  excellent  food  for 
many  animals.  We  eat  immense  amounts  of  it  with  our  cereals. 
The  sparrows  live  on  it.  Doubtless  the  larva  of  the  gall-fly 
finds  it  good  food.  On  what  principle  of  natural  selection  can  we 
account  for  this  food  being  placed  so  conveniently  for  it?    So  far 
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as  we  can  see,  the  Oynips  does  nothing  bnt  injury  to  the  oak. 
Why  should  the  oak  provide  it  with  choice  food  ? 

So  far  we  have  had  in  mind  only  vegetable  starch.  At  one 
tirae  it  was  thought  that  starch  was  peculiar  to  vegetables,  bnt  it 
has  since  been  found  in  animals.  In  so  undoubted  an  animal  as 
man,  starch  has  been  found  in  organized  granules  in  the  brain. 
In  appearance  these  grains  of  cerebral  starch  are  very  much  like 
those  of  com-starch.     They  are,  however,  softer. 

Starch  is  usually  found  in  the  parenchj-matous  tissue  of  plants. 
Exceptionally  it  occurs  in  the  elongated,  tapering  cells.  Pock- 
lington  records  in  the  "London  Pharmaceutical  Journal,"  the  con- 
stant occurrence  of  starch  in  the  wood-cells  of  the  ipecac  root  of 
the  shops*  A  matter  analogous  to  starch  is  found  as  secondary 
layers  on  the  cell-walls  of  some  seeds.  Schleiden  calls  it  Amyloid^ 
and  gives  a  short  list  of  seeds  in  which  he  has  founil^it.  A  prob- 
ably identical  substance  is  found  in  the  seeils  of  the  common 
peony.  The  peony  seeds  but  meagrely  here,  but  the  seeds  are 
used  somewhat  in  medicine,  and  can  be  found  in  many  shops, 
where  they  have  been  imported  from  Europe.  The  albumen  of 
the  seeds  is  made  up  of  a  compact  parenchyma,  with  moderately 
thick-walled  cells,  filled  with  a  granular  matter.  On  the  applica- 
tion of  a  weak  solution  of  iodine,  the  contents  of  the  cells  are 
colored  a  bright  yellow,  but  the  cell'^alls  a  pure  blue.  If  they 
were  of  cellulose,  the  ordinary  constituent  of  the  cell-walls,  they 
would  not  be  eoloreii  blue  by  iodine  until  after  the  action  of  buI- 
phnric  acid. 

Starch-grains  are  developed  by  gradual  growth.  The  difi'erent 
stages  can  be  seen  in  most  starches,  from  the  matured  parts  of 
plants.  It  can  be  seen  still  better  in  a  nearly  ripe  grain  of  corn. 
Every  stage  of  the  following  process  can  be  seen  there.  A  little 
cavity  or  vacuole  is  formed  in  the  protoplasmic  contents  of  a 
vitally  active  cell.  A  little  matter  is  there  deposited,  and  becomes 
the  nucleus.  The  cavity  enlarges,  and  a  layer  is  deposited  around 
that  already  formed.  Layer  after  layer  is  laid  on  until  the  grain 
attains  a  f\ill  size.  This  process  has  been  watched  by  several 
observers  in  the  fronds  of  JSepaticoe.  Cri'iger,  as  quoted  in  the 
Micrographic  Dictionary',  says  that  the  unsymmetrical  forms  of 
many  grains  is  owing  to  the  differing  density  of  the  protoplasm  in 
which  they  are  formed.  The  thicker  part  of  a  grain  of  potato- 
starch,  for  instance,  is  formed  in  the  thicker  protoplasm,  while  the 
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extended,  thinner  part  is  pushed  out  to  where  the  protoplasm  is 
less  dense.  It  is  often  said  that  starch  is  especially  formed  in  the 
presence  of  chlorophyl  or  the  green  coloring  matter  of  plants. 
But  we  notice  that  it  is  generally  deposited  where  there  is  no 
chlorophyl,  as  in  the  roots,  undei*ground  stems,  the  albumen  of 
seeds,  etc.  Starch  is  formed  in  protoplasm,  whether  thei'e  is  chlo- 
rophyl present  or  not.  When  the  latter  is  present,  its  tendency 
to  collect  around  the  solid  matters  of  the  cell,  the  walls,  for  in- 
stance, will  lead  it  to  collect  about  the  forming  starch-grain,  and 
thus  give  that  grain  the  appearance  of  being  embedded  in  chloro- 
ph}'!,  an  appearance  often  noted. 

The  form  and  appearance  of  the  grains  dijQTcr  for  each  species. 
In  nearly  allied  species  they  are  much  alike ;  in  distant  species, 
very  different.  Whether  in  all  or  most  cases  specific  characters 
can  be  drawn  from  the  grains  is  not  fairly  settled.  It  has  never 
been  systematically  studied,  so  far  as  I  know.  In  a  few  limited 
cases  it  has  been  done  and  with  success.  From  these  it  is  a  fair 
presumption  that  specific  differences  in  the  grains  exist,  but  are 
hard  to  recognize  on  account  of  their  minuteness. 

The  size  varies  much  but  is  tolerably  constant  for  the  same  spe* 
cies  in  mature  grains.  The  smallest  measured  by  the  writer  were 
only  2  tt.i  in  length.  They  were  from  the  rhizome  of  Hydrastis 
Canadensis  L.  Those  measured  were  the  largest  grains.  On  the 
other  hand  the  grains  of  potato-starch  sometimes  reach  a  length 
of  neai'ly  50  tt.  They  are  then  so  large  that  they  can  be  distin- 
guished by  the  naked  eye.  The  grains  pj  ^^ 
of  canna-starch  are  said  to  be  even 
larger. 

The  commonest  starches  of  commerce 
are  the  following.  The  figures  are  from 
Vogl. 

1.  Bean-starch  {F\g.  156),  The  grains 
are  in  the  cotyledons.  They  are  packed 
in  very  closely  with  aleurone.    They  are 

of  an  ellipsoid  or  reniform  shape,  and  are  80  tt.  or  less  in  length. 
The  rings  are  usually  not  visible,  though  sometimes  very  evident. 
The  nucleus  is  long  and  slit-shaped.  In  two  of  the  grains  figured, 
smaller  cracks  can  be  seen.  They  are  caused  by  heating.  They 
are  easily  seen  by  making  a  thin  section  of  a  bean  or  by  simply 
Ut  =  ten  thousandths  of  an  inch. 
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scraping  off  in  a  powder  a  amall  portion  of  the  cotyledons.  They 
derive  their  interest,  not  from  their  use  in  the  form  of  starch  as 
food,  but  because  they  have  formed  —  or  some  of  the  closely 
allied  starches  —  several  almost  historical  quack  medicines,  and 
because  they  are  yet  frequently  used  in  £urope  to  adulterate  pow- 
dered medicines.  The  writer  has  found,  in  this  country,  speci- 
mens of  pearl  sago  entirely  made  up  of  bean  or  pearstarch. 

2.  Potato-starch  has  been  already  figured  and  partly  described. 
It  derives  its  special  interest  from  its  universal  use  to  adulterate 
powders.  Commercial  arrowroot,  not  the  proprietary,  is,  to  a  con- 
siderable extent,  made  up  of  potato-starch  in  this  country. 

8.    Tapioca  (Fig.  157)  is  the  starch  of  the  root  of  Manihoi  util- 
issima^  a  poisonous  Euphorbiaceous  plant.     The  starches  of  some 
p.    ^^^  othei  closely  related  species  are  sometimes 

intermixed.  The  grains  are  small,  less  than 
10  tt.  long,  shaped  like  a  hemispliere  some- 
what drawn  out.  Viewed  from  the  end  the 
grain  and  nucleus  api)ear  round ;  seen  from 
the  side,  the  grain  appears  arched,  and  the 
nucleus  seems  to  have  a  conical  hollow  space 
extending  from  it  to  the  base  of  the  arch, 
iipioca     arc  .  ^^^  ^^^^  original  condition  the  grains  probably 

have  the  truncate  ends  set  together,  thus  forming  compound  grains 
with  two  individuals  in  each. 

In  commerce,  tapioca  is  in  irregularly  agglomerated  masses  of 
small   size   and   a  dead   white   color.  rig.  i-w. 

These  are  formed  by  heating  the  grains 
when  wet  on  hot  plates.  Sometimes 
the  heat  affects  the  appearance  of  the 
starch- grain,  swelling  it  and  causing  it 
to  bulge  out  in  one  or  more  places. 

4.   Sago  (Fig.  158)  is  from  the  stem 
of,  probably,  several  species  of  palm- 
trees  belonging  to  the  genera   Sogns  Sujiro  starth. 
and  Saguerus.    It  is  composed  of  muUer-shaped  grains,  which  ai-e 
rarely  more  than  25  tt.  long. 

In  its  original  state  the  starch-grains  are  compound,  consisting 
of  one  large  grain  with  one  or  two  quite  small  ones  Castened  to 
it.  The  component  grains  are  separated  in  the  preparation  and 
we  find  the  small  ones  scattered  among  the  large.    The  nuclcu  s 
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Fig.  159. 


of  the  largest  grains  is  dot-like,  eccentric  and  usnally  quite  dis- 
tinct.    The  rings  are  not  very  apparent. 

Sago,  in  American  commerce,  appears  in  two  forms ;  common 
or  brown  sago,  by  far  the  most  common,  is  found  in  the  grocery 
and  drug-stores  in  small  roundish  brown  masses.  They  are  little 
altered  by  heat  and  the  grains  present  the  characters  just  de- 
scribed. 

The  pearl  sago  is  in  lai-ger  spherical  balls,  of  a  dead  white 
color.  ^  It  has  been  subjected  to  heat  and  the  grains  are  smaller 
and  their  nuclei  are  bulged  out. 

5.  Wheat-starch  consists  of  disk-shaped  grains  16  tt.  or  less  in 
diameter,  mixed  with  numerous  minute  spherical  grains.  The 
nucleus  and  rings  are  usually  not 
visible.  Wheat-starch  is  now  not 
common  here  as  a  commercial  starch. 
In  medicine  and  the  arts  it  is  nearly 
replaced  by  corn-starch. 

6.  Corn-starch  is  derived  from  the 
albumen  of  the  grain  of  Indian  corn. 
The  grains  (Fig.  159)  are  small, 
from  5  to  10  tt.  in  diameter,  of  an 
irregular  form.  The  surface  consists 
of  partly  convex,  partly  flat  faces,  the 
latter  being  formed  by  mutual  pres- 
sure of  the  grains.  The  nucleus  is  star- shaped,  at  least  when  dry. 
There  are  no  rings. 

Corn-starch  now  replaces  the  most  of  the  other  starches,  under 
its  own  name  or  that  of  maizena,  maizone,  etc.     The  amylum  of 
Fig.  leo.  the  Pharmacopoeia  which  calls  for  wheat- 

starch  is,  in  every  one  of  the  many  samples 
examined  by  the  writer,  corn-starch.  As 
the  latter  is  certainly'  as  palatable  as  wheat- 
starch,  and  is  probably  more  nutritious,  we 
cannot  object  to  the  substitution  except  on 
the  principle  that  every  craft  should  sail 
under  its  own  colors. 

7.  Maranta  or  Ari'owroot  is  a  name  ap- 
plied to  a  great  many  staiehes,  the  sort  l>eing  designated  by 
another  term,  as  Brazilian  arrowroot,  referring  to  the  tapioca- 
starch  when  in  a  powder.     West  India  or  Bermuda  arrowroot  is 


Corn  starch. 


Arrowroot. 
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the  common  sort  in  the  United  States.  It  is  derived  from  the 
rhizome  or  underground  stem  of  Maranta.  It  consists  of  grains 
(Fig.  161)  with  a  length  of  24  tt.  or  less.  They  are  ellipsoid  or 
egg-shaped  with  the  nucleus  in  the  centre  or  toward  the  larger 
end.  By  this  character  it  is  at  once  distinguished  fVom  Potato- 
starch,  which  it  otherwise  resembles. 

The  rings  are  easily  seen,  though  fine.  West  India  Maranta  is 
often  adulterated.  The  starches  which  are  used  to  falsify  it  can 
be  detected  with  certainty  only  by  the  microscope. 


BOTANICAL   OBSERVATIONS   IN   SOUTHERN  UTAH. 

BT    DR.   0.    C.   PABRT. 

No.  6. 

No.  143.  Kemac1adu$  rwn&tUtimus  Niitt.    Ton<ey,  Hot.  Mex.  Boand.,  p.  106, 1. 14. 

No.  144.   UtriculariavtOgarii  L.    Cedar  City.    July. 

No.  145.  PJieUpcBaLudovicianaWtdp, 

No.  146.  AnHrrMnmm  Cocperi  Gray.  Proc.  Am.  Acad.,  vol.  tU,  p.  876.  A  slender 
twining  plant,  likely  to  be  orerlooked,  collected  by  Dr.  Cooper  on  the  Lower  Colorado 
in  1861;  also  by  C.  A.  Almendlnger  in  1868;  found  ap^ingly  near  St.  George  in  the 
shade  of  high  basaltic  cliffy.    May. 

^    No.  147.  Eunanus  —  ?    A  slender,  large  flowered,  showy  annual,  growing  abun- 
^  dantly  on  gravelly  hills  near  St.  George;  flowers  mostly  bright  yellow.    A  light  pink 
variety  ( ?)  was  also  met  with  later  in  the  season.  -  ^U\  ,  f\       £^^\^    ' 

.  MimvXu%  rvheUu*  Qtkj ,  '  ' 

No.  148.  Pentitemon  ambiffutia  Torrey.  Marcy's  Rep.,  t.  16.  Dry  sandy  soil  in  the 
upper  valley  of  the  Virgen.    June. 

No.  149.  PerUstemon  Eatoni  Gray.  Proc.  Am.  Acad.,  vol.  viii,  p.  395.  Common  in  all 
rocky  gorges  near  St.  George;  also  cultivated  in  gardens. 

No.  150.  Penistemon  glaber  Pursh,  var.    Cedar  City.    July. 

No.  151.  Pentitemon  caspitonts  Gray,  var.    Cedar  City.    July. 

No.  152.  Penistemon  puniceus  GrayyVar.  Parryi  ( ?).    Beaver-dam  mountains.    May. 

So.  163.  CaatiUeiaparvifiora  BoD^  •    '" 

No.  154.   CastiOeia  offinU  fl.  A  A. 

No.  155.  Cordylanthus  (,Hemi$Ugia)  Parryi,  n.  sp.  Closely  resembling  C  eaneMcene, 
ttom  which  it  is  distinguished  by  its  scattered  greenish*yeilow  flowers,  the  bracts  ex- 
ceeding  the  calyx  and  coroUa»  the  narrow  erect  teeth  of  the  calyx,  the  «ube  of  the 
corolla  much  shorter  thaxi  the  throat,  and  by  the  shorter  filaments  sparsely  hairy.  €. 
eane$ceni  has  purple  dowers  in  crowded  heads,  the  bracts  equalling  the  calyx  and 
corolla,  the  teeth  of  .the  calyx  short  and  spreading,  tlie  corolla-tube  as  long  aa  the 
throat,  and  all  the  ^laments  naked.—  Saline  marshes  In  the  valley  of  the  Virgen.  June. 
— S.  Watson. 

No.  166.  Cordjftanthue  Kingii  Watson.  King's  Rep.,  p.  283,  t.  32.  High  mountains 
east  of  Cedar  City.    July. 

No.  157.  Nfcotiana  attenuata  Torr.  Watson,  King's  Rep.,  p.  276,  t.  27.  Common  In 
all  waste  pUces  near  St.  George.   May. 
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No.  158.  Niootiana  trtgonophylia  Duda].  Common  on  rocky  hills  netr  St.  G^rge. 
May. 

No.  109.  Audibertia  ineana  Bentb.  A  very  showy,  strong^scented,  aromatic  plant, 
growing  in  clumps,  1-9  feet  high.    May. 

No.  160.  Salazaria  Mtxioana  Torr.  Bot.  Mex.  Bonnd.,  p.  188,  t.  89.  Not  uncommon 
on  rofiky  slopes  adjoining  the  Virgen,  fVom  whence  the  flret  imperfect  specimens  were 
collected  hy  Fremont  in  1844.    Flowering  in  May ;  ftnit  in  June. 

No.  161.  SaMaCotitmbariaBetiiYi, 

No.  102.  LopJianthus  urtki^/bUus  Benth.    Cedar  City.   Jnly. 

No.  168.  LUhospermum  anguBH^um  Michx.    Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  61. 

No.  161.  Sritrichium  micranthtam  Torr.    Gray,  Proc  Am.  Acad.,  vol.  x,  p.  58. 
•  No.  165.  Eritriehium  drounueiitum.    Gray,  Proc.  Am.  Acad.,  toL  x,  p.  58.    Beanti- 
ftilly  figured  by  Torrey  in  Bot.  Wilkes'  Explor.  Exped.,  1. 12,  B. 

No.  1G6.  Eritriehium  leuoopJueum  A.  DC.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  61. 
Flowers  light  yellow.    Beaver-dam  mountains.    May. 

No.  167.  Pectoearya  lateriflora  DC. 

No.  168, 169.  ErUricMum  pterooairyum  Torr.  Bot.  Wilkes'  Bxplor.  Bxped.,  p.  415,  t. 
18,  B. 

No.  170.  Amaincfda  te$$ettata  Gray.    Proc.  Am.  Acad.,  vol.  x,  p.  64.   ■ 

No.  171.  ErUriehium  anguBti/bUum  Torr.    Gray,  Proc  Am.  Acad.,  vol.  x,  p.  69. 

No.  172.  Echinoapermum  d^exftm  T/Ohm.,  yat.  floribundum.  Hook.  Fi.  Bor.-Am.,  toL 
ii,  p.  84, 1. 164.    Pine  valley.    June. 

No.  173.  Eritriehium  glomeratum  DC^  var.  humOe  Gray.  Proc.  Am.  Acad.,  vol.  x, 
p.  61. 

Mo.  174.  HydrophyUum  oecidetU<d&,  var.  WdttotU  Gray.  Proc.  Am.  Acad.,  vol.  x, 
p.  316.    High  mountains  east  of  Cedar  City.    July. 

No.  176.  Emmenanthependuliflora  Benth.    Upper  Santa  Clara  valley.    Jane. 

No.  176.  Phaeelia  integr^olia  Torr.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  318.  Gypseous 
day  soil  in  the  valley  of  the  Virgen.    May. 

No.  177.  PkaceHa  Fremontii  Torr.  One  of  the  earliest  and  most  showy  spring  flow* 
ers.    March  to  May. 

No.  178.  Phaeelia  Ivetiana  Toit     Inconspicuous  white  flowers.    St.  George.    April. 

No.  179.  Phaeelia  CEutoaaJ  eephalotes  n.  sp.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  St3. 
On  bare  cUy  soil  in  the  valley  of  the  Virgen.    May. 

No.  180.  PhaceUa  orenulata  Torr.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  818.  Exposed 
rocky  and  gnravelly  slopes.    St.  George    May. 

No.  181.  PhaceUa  micrantha  Ton*.  Bot.  Mex.  Bound.,  p.  144.  Gray.  Proc.  Am. 
Acad.,  vol.  X,  p.  327.    Crevices  of  basaltic  rocks.    April. 

No.  182.  Phaeelia  pulchella  n.  sp.  G^ay,  Proc.  Am.  Acad.,  vol.  x,  p.  826.  Abundant 
on  gypseous  clny  hills  near  St.  George.    May. 

No.  183.  Phaeelia  rotundifolia  Torr.  In  shaded  crevices  of  perpendicular  rocks.  St. 
George.    May. 

No.  184.  PhaceUa  ramoaiuima  Dougl.  Gray,  Proc  Am.  Acad.,  vol.  x  p.  819.  Dry 
bushy  plains,  subscandent  on  low  shrubs.    May. 

No.  185.  Kama  demiita  Gray.  Proc.  Am.  Acad.,  vol.  viU,  p.  288.  A  low  annual,  with 
copious  red  flowers  set  on  the  prostrate  branches;  abnndant  on  gravelly  slopes  near 
St.  George.    May. 

.  Trieardia  Watsoni  Torr.    Watson,  King's  Rep.,  p.  868,  t.  24.    Only  a  single 

specimen  of  this  interesting  plant  was  found  on  the  south  bank  of  the  Virgen.    April. 

No.  186.  Phlox  eane$€en8  Torr.  &  Gray.    The  common  tufted  Phlox  of  this  region. 

No.  187.  GiUa  fiUformU  Parry,  n.  sp.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  75.  Rocky 
slopes  near  St.  George,  April.  A  very  delicate  species,  resembling  in  flowers  and 
foliage  some  of  the  slender  forms  of  Linum, 

No.  188.  QUia  kUi/blia  n.  sp.  Annual,  viscid  with  spreading  glandular  hairs,  erect, 
4-6  inches  high,  branching  only  above;  leaves  few,  broadly  ovate,  1-1|  inches  long, 
rounded  at  the  apex,  narrowed  below  into  the  usually  slender  petiole,  coarsely  sin- 
uately  dentate  with  spinose  teeth;  flowers  scattered  In  a  loose  panicle;  bracts  seta- 
ceous; calyx 2|  lines  long,  deft  nearly  to  the  middle  with  setoeely  acuminate  lobes; 
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corolla  short  tunnel  form,  8  lines  long,  light  pink,  the  acnto  lobes  half  as  long  ns  tlie 
tube*;  filaments  included,  inserted  below  the  middle  of  the  tnbo;  capsule  oblong, 
many-seeded;  seed  not  mucilaginous.  — Of  peculiar  habit,  to  be  included  in  tlie  section 
EmgUia,  but  not  approaching  closely  any  of  the  other  speeies.  — S.  Watson. 

No.  188.  GUia  BigOovH  Gray.  Proc.  Am.  Acad.,  vol.  viii,  p.  26A.  Watson,  King's 
Rep.,  p.  263, 1. 15,  f.  8. 

No.  190.  OiUa  tetosUHma  Gray,  1.  c.,  p.  271.  A  rery  neat  and  ornamental  species, 
abundant  on  rocky  slopes  near  St.  George.    May. 

No.  101.  OiJia  polycUtdon  Torr.    Bot.  Mex.  Bound.,  p.  146.    Gray,  1.  c,  p.  274. 

No.  192.   GUiaJlocco$a,  var.    Gray,  1.  c,  p.  272. 

No.  103.  GiUa  congetta  Hook.,  var.  crebr^olia  Gray,  I.  o..  p.  274. 

No.  194.  GUia  aggregcUa  Sprong.,  Tar.  Bridgetii  Gray,  1.  c,  p.  276.  Pine  Talley; 
June. 

No.  106.  GiUaJl^rolialintt.    Gray,  1.  c,  p.  273.    Upper  Santa  Clara.    June. 

No.  106.   GiUa  demisaa  Gray,  1.  c,  p.  203. 

No.  107.  GiUa  Iqttomeria  Gray,  1.  c,  p.  278.  Watson,  King's  Rep.,  p.  270,  t.  26,  fig.  6-11. 

No.  108.   GUia  inconspicua  Dougl.    Gray.  1.  c,  p.  278. 

No.  100.  GUia  incontpicua,  var.  ( ?).  Apparently  distinrt  fVom  the  above  foiin.  Rocky 
slopes,  St.  George.    April. 

No.  200.  Polemonium  humUe  Willd.,  var.    Pine  valley.   Juno. 

No. 201.  Lycium  Ander$oni  Gray.  Common  on  rocky  hills  near  ftt.  George;  distin- 
guished fk*om  the  following  by  its  copious  Blender  flowers  and  general  habit;  flower- 
ing in  April ;  f^uit  in  June.    The  bright  red  or  amber  colored  berries  Are  edible. 

No.  202.  Lgcium  Torr eyi  Gray.  Low  saline  flats  of  the  Virgen.  With  larger  flowers 
than  the  former;  8  to  6  feet  in  height;  fHiit  red,  not  edible.  Flowering  in  May;  f^niit 
in  July. 

No.  203.  Frasera  albo-marginata  Watson.    King's  Rep.,  p.  280. 

No.  204.  Cresaa  Cretien  L^  var.    DC.  Prodr.,  vol.  Ix,  p.  140. 

No.  205.  Cuicuia  denticulata  n.  sp.  Stems  very  slender,  hairlikc;  flowers  few,  In 
loose'glomerules,  on  short  pedicels,  small  (scarcely  one  line  long),  white;  lobes  of  the 
deeply  divided  globular  calyx  almost  orbicular,  over-lapping,  concave,  thinly  mem- 
branaceous, denticnlate,  covering  the  short  campannlate  (finally  nrceolate)  tube  of  the 
corolla;  lobes  broadly  oval,  obtuse,  spreading,  at  labt  reflexed,  as  long  as  the  tube; 
scales  narrow,  denticulate,  reaching  to  the  base  of  the  ovate  almost  sessile  anthers; 
styles  slender,  as  long  as  the  conical,  pointed  ovary,  bearing  slightly  thickened 
(scarcely  capitate)  stigmas;  capsule  covered  by  the  withering  tforolla,  iudehiFcent  ( ?), 
enclosing  one  or  two  seeds. —  8t.  George,  Utah,  on  shrubs  and  herbs  (Coloogyne,  BIf- 
cntella)  in  arid  soil;  the  first  addition  to  our  Cnscuta- flora  since  my  synopsis  was 
published,  16  years  ago.  Apparently  allied  to  C.  <^plan  itu  Eng.,  of  Arizona,  but  with 
much  smaller  flowers  and  an  acute,  not  depressed  ovary,  diflTerent  calyx,  etc.— Dr.  G. 

EKOEI.MANN. 

No. 206.  CuMctUa  Cai\fomioa,  var.  {7)  squamigera  Engelm.  Cusc.  p.  490.  On  Suceda 
diffuM  Watson.  Originall}  found  in  the  same  region  by  Remy  and  in  Arizona  by  Dr. 
Palmer,  always  on  saline  herbs;  no  collector  has  obtained  the  Aruit  as  yet.— Dr.  G. 
Snobl^anm. 

No.  207.  Asclepiai  Itucophylla  n.  sp.  Erect,  tall;  leaves  (upper)  sessile  with  a  broad 
cordate  base,  tapering  to  a  sharp  bristly  point,  white  tomeniose ;  umbels  many  flow- 
ered, altei-nating,  lateral  and  terminal;  pedicels  a  little  shorter  than  the  peduncles; 
calyx  tomentose;  corolla  woolly  outside;  hoods  as  long  as  the  .ohort-btalked  stamineal 
tube,  slightly  spreading,  ovate,  obtuse,  rounded  on  the  inner  margin ;  horn  from  the 
lower  part  of  the  hood,  broad,  ascending,  horizontally  incurved  over  the  cusps  of  the 
anthers;  pollen  masses  iance-linear,  slender,  slightly  curved. 

Dry  sandy  **  washes "  of  the  Virgen  River,  fl.  June,  fruit  not  seen.  Stem  3^  feet  high ; 
upper  leaves  8M  inches  long,  IHi  wide  near  the  base,  gradually  enlarging  down- 
wards, white  tomentose  on  both  sides,  becoming  mottled  when  old.  Pednncles  about 
1  inch,  pedicels  i  inch  in  length ;  flowers  about  the  size  of  those  of  A.  CormUiy  with 
yellowish  green  corolla  and  yellow  crown  This  species  is  closely  related  to  two  other 
whlte-wooUy  south-weatem.  species,  via.:     A,  vt$tUa,  H.  A  A.,  and  A.  eriooarpa 
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Benth. ;  the  former  of  which  has  also  long-acuminate  leaves,  but  those  of  the  latter  are 
oblong  and  obtase  at  both  ends;  all  these  have  a  shoit-stalked  crown,  broad  ovato 
ti-uncate  or  ronnded  hoods,  and  a  short  broad  horn. 

In  A,  levcophpUa  the  hoods  are  largest  and  Ailly  as  long  as  the  anther-tube,  ro  inded 
and  not  dentate  at  the  upper  inner  edge ;  the  broad  falcate  borixontally  incurved  horns 
originate  Ax>m  the  base  and  lower  half  of  ihe  hood;  cartilaginous  nuirgin  of  anthers 
long,  obtuse-angled  at  base;  pollen  masses  slender,  %  line  or  more  long;  pistils  glabrous 

In  A,  eriocarpa  (Hartweg*s  original  specimen  iu  herb.  A.  Gray,  Remy  in  Mus.  Pai'ls) 
the  hoods  are  shorter  than  tlie  tube,  angular  or  fbrming  a  tooth  where  the  upper  and 
inner  margins  meet,  with  two  distinct  saccate  lateral  projections;  the  broad,  ftUcate, 
horizontally  incurved  boms  originate  from  the  entire  midrib  of  the  hood  or  its  upper 
half;  cartilaginous  margins  of  the  anthers  shoitor,  sharp-nngled  boluw;  pollen  masses 
and  pistils  as  in  the  last. 

In  A,  veMtita  (Douglas'  original  and  Bolander's  specimens  in  herb.  A.  Gray)  the  short 
hood  reaches  to  the  top  of  the  anther-tube  and  has  a  long  horizontal  tooth  whore  the 
upper  and  Inner  margins  meet;  the  broad  obttise  horn,  incurved,  but  more  erect  and 
ex.seit  than  in  either  of  tlie  allied  species,  oiiginates  tvom  the  middle  and  lower  part  of 
the  tube;  caililaginous  margin  of  anthers  short,  rounded  below.;  poHen  masses  only  i 
line  in  length,  broad  in  proportion  and  more  curved;  pistil  hairy.— Dr.  G.  Enoelmann. 

No.  WS.  AeeriUeB  decumbent  Dccne.    Cedar  City.    July. 

No.  209.  Attephanut  Utahensit  n.  sp.  Glabrous,  slender,  spreading  stems  firom  a 
thick  cylindric  root;  linear  or  filiform  leaves;  axillary  ISaw-ilowered  uml>els;  dull 
yellow  minute  flowers ;  corolla  deeply  campanulate  with  sub-erect  cuciillate  lobes  with 
inflexed  points;  follicles  slender,  leng-acuminate,  smooth;  seeds  scaly.— Drifting 
sand-hills  near  St  George,  the  fleshy  roots  penetrating  to  a  great  depth,  giving 
origin  Just  below  the  surface  to  the  slender  branches,  that  twine  on  adjoining  shiiibs 
or  swing  loosely  on  the  scorehiog  dry  sands.    Flowers  in  May ;  A*uit  in  June. 

This  very  peculiar  little  Asclepiad  has  its  nearest  relatives  at  the  Cape  of  Good 
Hope,  with  one  or  two  stray  species  in  ihe  West  Indies  and  South  America.  The 
whole  plant  is  of  a  grayish  green  color,  the  thick  cylindric  root  light  brown;  the 
branching  stems  from  less  than  a  span  to  over  a  foot  in  length;  leaves  about  one  inch 
long,  4  line  wide;  flowers  about  l-lj  lines  wide.  The  corolla  is  almost  closed  by  the 
cucullate  inflexed  points  of  the  lobes  and  is  glandular  papillose  Internally,  so  that 
hero  these  lobes  themselves  assume  the  shape  and  perform  the  Auctions  of  the  hoods 
of  other  Asclepiads,  to  allure  and  regain  insects  to  assist  in  the  fertilization  of  the  pistil. 
The  )>endulous  broadly  oval  pollen  masses  are  only  one-tenth  of  one  line  long;  slender 
fbllicles  2-^k  inches  long;  comose  seeds  unusually  rough  by  scale-like  protuberances. 
—  Dr.  G.  Enoelmamk. 

No.  210.  FraxinuM  anomaia  Torr.  Watson,  King's  Bep.,  p.  263.  Common  on  hill- 
sides and  sandstone  ravines  throughout  Southern  Utah.  Flowers  in  April;  fruit  in 
June. 

No.  211.  MirabiUs  Californtca  Gray.    Bot.  Mex.  Bound.,  p.  178. 

No.  212.  Abronia  cydoptera  Gray.    Am.  Jour.  Sci.,  Ser.  2,  vol.  xv,  p.  319. 

No.  213.  SeUnocorpus  diff^iMtts  Gray.    Bot.  Mex.  Bound.,  p.  1G8. 

No.  214.  Atriplex  Powellii  Watson.  Bevis.  Chenop.  In  Proo.  Am.  Acad.,  voL  ix, 
p.  Hi.    Saline  marshes  of  the  Lower  Sevier  valley ;  July. 

No.  215.  Chetufpodtum  Botryt  L.    Wa»te  places.    St.  G«orge. 

No.  216.  Atriplex  expanta  ( ?)  Watson.  1.  c,  p.  116. 

No.  217, 220.  i4<ri/»teircon/brt(A)/la  WaUon.l.  c.,p.llft. 

No.  218.  Suada  diffusa  ( ?)  Watson,  1.  c,  p.  88. 

No.  210.  Atriplex  XuttaUU  Watson,  1.  c,  p.  116. 

No.  221.  Atriplex  canencene  James,  var.  anfftutifoUa  Watson,  L  c,  p.  120. 

No.  222.   Orayia polygaloidei  H.  i,  A.    Watson,  1.  c,  p.  122. 

No.  223, 224.    Kochia  Americana  Watson,  1.  c,  p.  03. 

No.  225.  Eurotia  lanata  Moqnln.    Watson,  1.  c,  p.  121. 

No.  226.  Parietaria  debilis  Forst.    On  steep  basaltic  rocks.    St.  George.    May. 

No.  227.   Polygonum  coarciatum  Dongl.    DC.  Prodr.,  vol.  xiv,  p.  lOL 
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No.  228.  Oxy^eea  perfoliata  Ton*.  A  Qray.  Wntfon,  King'.'  Rep.,  p.  811.  t  54.  fl^.  1. 
Commoii  on  gravelly  table^lands.    St.  George.    May. 

No,  229.  Pteroateffia  diymarioid€$  F.  A  M.  Torr.  A  Gray.  Rerfs.  Eriog.  In  Proc.  Am. 
Aoad.,  vol.  Yili,  p.  200.    Shaded  rock  creviceis.    April. 

No.  290.  Chorixanihe  brtvicomu  Ton*.  A  Gray.  1.  c,  p.  196. 

No.  231.  Ckorixanthe  tigida  Torr.  &  Gray,  1.  c,  p.  198. 

No.  232.  Ceniroitegia  Thurb^ri  Gray.  Torr.  A  Gray,  1.  c,  p.  192.  Upper  Santa  Clara 
valley.    June. 

No.  233.  Erioffomm  raetmotum  Natt.  Torr.  A  Gray,  1.  c.,  p.  ITS.  Lower  Sevier  val- 
ley.  June. 

No.  234.  JTrfoyofMim/ajeicwtolvmBeotli.  Torr.  A  Gray,  1.  o.,  p.  160.  Rooky  ore vlcee. 
St.  George.   June. 

No.  235.  Erioffonum  anguloium  Benth.    Torr.  A  Gray.  1.  c,  p.  187. 

No.  286.  Erioganum  ii^/latum  Torr.  Torr.  A  Gray,  1.  c,  p.  185.  Boeky  hills. 
St  George.    May. 

No.  237.  Eriogonum  ren^foriM  Torr.    Torr.  A  Gray,  1  c,  p.  184. 

No.  238.  Eriogonum  ThomaHi  Torr.  Torr.  A  Gray,  1.  c,  p.  184.  Forming  largo 
patches  on  exsiccated  alluvial  soil,  In  the  valley  of  the  Vimen.    May. 

No.  230.  Eriogonum  Parryi  n.  sp.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  77.  Rocky 
slopes  near  St.  George,  May ;  very  variable  in  siae,  In  robust  specimens  the  leaves 
ftilly  two  inches  broad. 

No.  240.  Eriogonum  trichopodum  Torr.  A  Gray,  i.  c.  p.  185.  One  of  the  common 
gregarioua  8pecies,  which  in  the  season  of  flowering  in  the  latter  part  of  May,  given  a 
peculiar  yellowish  green  oolor  to  t!te  hilU  a«ijaining  St.  G  Jorge. 

No.  241.  Eriogonum  ovali/bUum  Nntt.  Torr.  A  Gray,  I.  c,  p.  164.  Beaver-dam  moun- 
tains.   May. 

No.  242, 244.  Eriogonum  miorothscum  Nutt.  Torr.  A  Gray,  I.  o.,  p.  170.  Cedar  City. 
July. 

No.  243.  Eriogonum  vtil^torum  Gray.  Proc.  Am.  Acad.,  vol.  viH,  p.  630.  Cedar  City. 
July. 

No.  245.  Eriogonum  ipathulaium  n.  sp.  Gray,  Proc.  Am.  Acad.,  vol.  x,  p.  76.  Lowe* 
vaUey  of  the  Sevier.   July. 

No.  246.  Jtumex  hymeno$epalu$  Torrey.  Bot.  Mex.  Bound.,  p.  177.  Abundant  on  dry 
aaudy  or  rocky  slopes  near  St.  George;  tho  young  tender  shoots  in  domestic  use  as  a 
substitute  for  rhubarb.    May. 

.  Shepk€rdiaro^nd^oUan,s^.  Silvery  tomentose  and  scurfy;  leaves  persist* 
ent,  round-oval  or  ovate,  mostly  somewhat  cordate,  shortly  petloled,  beneath  densely 
'  stellate-white  scurfy,  as  well  as  tho  branches,  above  less  scurfy  and  greenish;  flower* 
all  in  the  axils  of  ordinary  leaver,  on  pedicels  about  the  length  of  the  perianth,  the 
male  flowers  mostly  in  threes  and  the  female  solitary;  fllaments  very  short,  glabrous; 
fruit  globular,  scurfy;  akene  ovate,  unequally  channelled  at  base.— On  bare  clay  soil 
in  the  upper  valley  of  thi-  Virgen,  A.  L.  Siler,  1878.  Forming  low  densely  branched 
bushes  with  dull-colored  evergreen  foliage;  flowering  in  March,  perfecting  its  tm\t 
in  July. 

No.  247.  Euphorbia  Parryi  n.  sp.  Annual,  erect,  slender,  palo-green,  glabrous,  with 
dichotomouB  spreading  branches;  leaves  linear,  nearly  equal  at  base,  acntish  or  acute 
at  both  ends,  with  setaoeously  slit  stipules ;  involucres  campanulate,  on  moderately 
long  peduncles  in  the  forks  of  the  branches,  with  unequal  small  truncate  appendages; 
styles  short,  somewhat  erect;  capsule  sharp-angled;  seeds  ovate,  minutely  granulate. 

St.  George,  in  loose  drifting  sand.    Plant  about  a  span  in  height;  leaves  4-1  inch 

long,  I  line  wide,  rolled  Inward  when  drjing;  involucres  i-1  line  long,  and  with  the 
greenish-white  appendages  of  the  some  width ;  stamens  numerous,  with  conspicuous 
feathery  bracts  between  them;  styles  about  the  length  of  the  ovary;  seeds  |  line  long, 
rather  thick,  obtusely  angled,  surface  covered  with  minute  granules,  disposed  in  tranaa_yUL 
verse  lines.  Habit  very  similar  to  E  rtvoluta  Engel.,  but  tU»>ha8  a  dark  purplish-green  fKM/  ^"^^ 
color,  revolute  not  involute  leaves,  very  much  smaller,  slender  turbinate  involucres  on 
short  peduncles,  and  tmaller,  aharp-angled,  strongly  orosa-ribbed  seodF.    The  charac- 
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ters  of  our  species  point  to  an  alliance  with  E,  eygophyttoidei  Boise.— Dr.  O.  EUOBI*- 

MANN. 

No.SiS.  CatitoeeidmiaXit  lj.,vnr. 

No.  248.  S51.  Ephedra  anHByphOUiM  C.  A.  Meyer.    Watson,  King's  Rep.,  p.  888,  t.  S9. 

No.  250.  Ephedra  tri/itrca  Torr.  Watson,  1.  c,  p.  239.  Not  uncommon  on  bare  saline 
wastes  in  tlie  yalley  of  the  Virgen.    May. 

No.2fi2.  AiUum  Po^meW  Watson.  King's  Rep.,  p.  487,  t.  87,  flg.  10-11.  High  moan- 
tains  east  of  Cedar  City.   July. 

No.  868.  Andrott^kium  brwi/iorum  Watson.  Am.  Naturalist,  toI.  vii,  p.  803. 
Common  on  rocky  hills  near  St.  George.    April. 

No.  264.  Caloekortu$  flexuonu  Watson,  1.  c,  p.  80S.  A  fine  large-flowered  species, 
which  on  account  of  its  branching  habit  contlnaes  to  put  forth  its  showy  tulip-like 
flowers  for  soTeral  weeks.   May. 

No.  266.  CaXoehorhu  NuUaXtU  Torr.  A  Gray.  High  mountains  east  of  Cedar  City. 
July. 

No.  266.  HtUa  capUata  3aker,  Tar. paiuctfiora  Torr.    Watson,  King^s  Rep.,  p.  490. 

No.  267.  Ftccca frrev^oUa  Engel.  King's  Rep.,  p.  496.  Beaver-dam  mountains;  flow- 
ering in  May.    See  above,  Am.  Naturalist,  vol.  ix.  p.  141. 

No.  268.  AnemoptU  Caiifomiea  H.  ft  A.    Bot.  Beechey,  p.  890,  t.  03. 

No.  200.  Pdupogon  MonspelientU  Desf.  Frequent  on  the  borders  of  ditches,  St. 
George*   June. 

No.  360.  TrtcuipiB ptOchella    orr.    Bot.  Whip.  Rep.,  p.  166. 

No.  261.  ArMida  purpurea  Nutt    Steud.  Gram.  p.  134. 

No.  263.  Adianium  CapUlut-  Vewrit  L.    Moist  rocks  about  springs  near  St.  George. 

.    NothoUBna  tenera  Gillies.    Crevices  of  perpendicular  limestone  rocks  in  a 

deep  ravine  near  the  base  of  Beaver-dam  mountains,  twelve  miles  southwest  of  St. 
George,  May.  Hitherto  found  only  in  Chili  and  Bolivia.  The  present  spechnens  are 
sroallor  and  more  delicate  than  those  Arom  S.  America,  but  not  otherwise  different. 
From  N,  Fendhri  and  N.  deatbata  it  may  be  distinguished  by  the  oblong  outline  of  the 
flrond  and  the  entire  absence  of  white  powder  beneath.— Prof.  D.  C  Eaton. 

No.  263.  Notkolana  Parryt  n.  sp.  Caudex  short,  inclined,  laden  with  rather  rigid 
lance-acuminate  fblvous  scales  having  a  blackish  mid-rib;  stipes  li-S  inches  long- 
tufted,  dark  brown,  minutely  striated,  pubescent  with  white  articulated  often  gland- 
bearing  hairs;  Aronds  as  long  as  the  stipes,  oblong-lanceolate,  about  tiiplnnate,  lower 
pinna  distant;  segments  crowded,  roundish  obovate,  about  one  line  long,  densely  cov- 
ered above  with  entangled  white  hairs  like  those  of  the  stipe,  and  beneath  with  a  simi- 
lar pale-brown  tomentum;  sporangia  blackish,  when  ripe  projecting  beyond  the 
margins  of  the  segments. — Crevices  of  basaltic  rocks  near  St.  George.  A  pril.  — >  Prof. 
D.  C.  Eaton. 

.  jBcidUun  b^forme  n.  sp.   Peiidla  clustered,  some  short  with  a  wide  entire 

month,  others  elongated  with  the  mouth  more  or  less  lacerated,  the  wall-cells  mostly 
penttigonal  or  hexagonal ;  spores  sub-globoee,  golden  yellow.  .0007  to  .0008  inch  in  diam- 
eter.—Parasltio  on  both  sides  of  a  leaf  of  HeHofrapium  Cura8$nricum  L.,  St.  George, 
May.  The  peculiar  feature  of  this  species  is  in  the  peridia,  which  are  either  long  or 
short,  and  equally  abumlant  on  both  sides  of  the  leaf,  projecting  each  way  firom  the 
same  snbionlnm.— C.  H.  Peck. 


ERRATA. 

Page  16, 18th  line  firom  bottom,  for  Phactlia  orauifolia  Torr.  read  Phacelia  pulchetta 
n.  sp. 

Page  16, 7th  line  from  bottom,  for  Phacelia  ourvtye*  n.  sp.  ( ?)  read  Phacelia  o^haloHs 
n.sp. 

Page  16, 6Ui  line  from  bottom,  for  P.  Palmeri  Toit.  read  P.  itUeffri/blia  Torr. 

Page  18,  lOth  line  ftt)m  top.  for  Culnchortue  read  CaIoch*>rtu». 

Page  18, 18th  line  fkx>m  top.  for  CitpiUut-veneiis  L.  read  CapHhu*  Veneria  L. 

Page  20. 15th  line  from  bottom,  for  polygalvidet  read  polygaioidee. 

Page  201,  llth  line  from  bottom,  for  Tfifolium  Bolanderi  retid  Trifblium  KinffU* 
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VERMES. 
I.         Platyrlminthrs. 

Turbellaria  (Vortex,  Prostoinam,  Plaaarla). 
Trematoda  (Dlstoma,  Monostomuoi). 
Cestoda  (Tasnia,  Bothriocepbalos). 
Nemertina  QNemertes). 

IL  NBBIATRLMISrrHBS. 

Nematodes  (StroDgylos,  Ascaris). 
Oordiacea  (Gordlus,  Mcimis). 

III.  Chjbtoonathi  (Sagitta). 

IV.  AOAMTiiocRPHAU  (EcMnorbyDchos). 

V.  Rotatoria  (Brachionos,  Rotifer). 

VI.  PoLYZOA  (Alcyonella,  Flastra,  Lepralla). 

VII.  Entrropnkusti  (Balanoglossas). 

VIII.  TuMiCATA  (Appendlcularla,  Ascidia,  Pyrosoma,  Doliolam,  8a]pa). 

IX.  Gephyrra  (Sipuncolas). 

X.  BiucpiopoDA  (LiDgola,  Terebratallna). 

XI.  Annulata  (Hinido,  Lumbrlcus,  Nereis,  Serpala). 

I.    PLATTBIiMINTHES  (Flat  Worms,  Flakes  and  Tape  Worms). 

Tbese  are  flat-bodied  ciliated  worms  without  lateral  appendages, 
nsaally  with  hooks  or  sackers^    They  are  usually  hermaphroditic. 
DevdopmerU  of  the   Turbellaria.    These  lowest  of  worms,  in 
which  there  is  no  tme  stomach  and  intestines,  but  a  simple  short 
blind  digestive  sac  leading  from  the  mouth  and 
Fig.iei.  pharynx,  are  known  to  multiply  by  fission,  the 

body  dividing  into  two.    They  alsip  possess  ovaries 
and  male  glands,  and  reproduce  from  eggs.     We 
are  not  acquainted  with  the  life-history  of  the 
Rhabdocoelous  forms,  such  as  Vortex,  Prostomum, 
etc.,  except  that  we  know  that  they  produce  eggs 
and  spermatic  particles.    In  Prostomum,  an  orbic- 
ular form,  the  yolk  cells  are  formed  in  a  gland 
(vitellogene)  distinct  |h>m  the  true  ovary  or  germ- 
forming  gland  (germogene).    As  an  example  of 
reproduction  by  fission  may  be  cited  the  singular 
Catena  naterna.     ^^^**^  qucUema  Schmarda,  which  occurs  in  fresh 
water  at  the  Cape  of  Good  Hope.    Fig.  161  repre- 
sents two  individuals  in  partial  division,  and  a  chain  of  four  indi- 
viduals, natural  size.    This  form  reminds  us  of  the  tape  worm,  in 
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which  the  joints  remain  permanently  attached.  We  know  nothing 
fhrther  regarding  the  history  of  Catena  except  that  it  has  been 
found  as  indicated  in  the  figure  here  reproduced  from  Schmarda. 

Among  the  DendrocoBla,  or  Planarians,  and  in  fact  in  the  flat 
worms  generally,  fission  takes  place.  If  we  cut  the  common  fresh 
water  Planarians  into  several  pieces,  each  piece  will  become  a 
porfect  worm. 

All  tbe  fresh  water  flat  worms  are  born  as  infhsorian-like  cili- 
ated bodies  which  attain  maturity  without  any  metamorphosis. 
As  an  example  of  the  mode  of  development  of  a  Planarian  worm, 
may  be  given  the  history  of  Planocera  eUiptica  discovered  by 
Girard  in  Boston  and  Beverly  harbors.  The  spawning  time  lasts 
from  the  middle  of  May  until  the  middle  of  June,  the  eggs  being 
deposited  in  a  thin  viscid  band  on  stones  and  sea  weeds.  The 
egg  undergoes  total  segmentation  in  four  or  five  days  after.  A 
ciliated  blastoderm  begins  to  form  around  the  yolk  mass,  and  be- 
fore the  embryo  leaves,  the  egg  it*  assumes  the  larval  shape,  being 
an  inAisorian-like  form,  with  a  caudal  flagellum.  There  are  no 
internal  organs  except  two  eye-specks. 

In  eight  or  ten  days  after  the  larva  begins  to  revolve  in  the  egg, 
and  after  it  has  hatched,  it  stops  swimming  about  and  becomes 
a  "mummy-like  body"  which  Girard  calls  a  "chrysalis.'*  In  this 
condition,  which  apparently  corresponds  to  the  encysted  state  of 
the  flukes,  it  fldats  about  in  the  water.  Here  Girard's  observa- 
tions came  to  an  end.  Whether  in  this  resting  stage  it  is  swal- 
lowed by  some  other  animal,  and  becomes  a  parasite  before 
resuming  its  active  life,  remains  to  be  seen. 

The  later  history  of  Planaria  angulata  has  been  traced  by  Mf . 
A.  Agassiz.  "  On  examining,"  he  says, "  a  string  of  ^gs,  mistaken 
at  first  for  those  of  some  naked  mollusk,  I  was  surprised  to  find 
young  Planariffi  in  difl'erent  stages  of  growth  with  a  ramifying 
digestive  cavity,  somewhat  similar  to  that  of  adult  specimens,  but 
showing  besides,  one  distinct  articulation  for  each  spur  of  the 
digestive  cavity.  The  eyes  were  well  developed,  and  when  the 
young  became  fVee,  the  articulations  were  still  distinct."  In  the 
youngest  specimen  (Fig.  162)  observed,  the  body  was  almost 
cylindrical,  while  as  seen  in  Fig.  163,  the  body  has  become  con- 
siderably fiattened.  The  fact  that  before  attaining  maturity  the 
Planarian  is  articulated  is  very  significant,  showing  that  these 
low  worms,  non-s^^ented  in  maturity,  should  not  be  excluded 
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from  the  class  of  worms,  and  that  the  terms  "bilateral,  articnlate*' 

applies  as  well  to  the  lowest  division  (though  with  many  ex- 

Fig.]6S.  ceptions)  of  worms  as  to  thfe  trne 

Annelides. 

^«''^^'  The  Turbellaria  then,  so  far  as 

our  limited  knowledge  extends,  de- 
velop (a)  by  fission,  (b)  from  eggs 
fertilized  by  sperm  cells,. and  pass 
through  the  following  stages,  not, 
however,  all  observed  in  a  single 
species. 
1.  Morula. 
Young  PianarU.  2.   Infusorian-like  stage. 

3.  A  quiet,  encysted  (?)  stage  (Girard's  Planottora). 

4.  Articulated  stage  observed  in  one  species  (Agassiz's  Pla- 
naria  angtUata). 

5.  Adult,  ciliated,  not  segmented. 

Development  of  the  TremcUodes.  The  flukes  are  parasitic 
worms,  with  a  sucking  disk  in  the  centre  of  the  body  by  which 
they  attach  themselves  on  or  within  the  body  of  their  host.  The 
fluke  or  "liver  worm"  {Distoma  h^fxUicum)  lives  in  the  liver  of 
the  sheep  and  of  man.  The  flshes  and  snails  are  much  infested 
by  them,  nearly  each  species  having  its  distinct  kind  of  fluke. 
The  adult  flukes  are  not  ciliated,  the  alimentary  canal  ends  in  a 
blind  sac,  and  the  sexes  are  united  in  the  same  individual. 

For  the  mode  of  formation  of  the  egg  of  the  Trematodes,  and 
the  embryonic  history  of  certain  forms,  the  student  is  referred  to 
Leuckart's  "  Menschlichen  Parasiten"  and  E.  Van  Beneden*s 
beautiful  "Researches."  E.  Van  Beneden  has  shown  that  the 
development  of  the  Trematodes  begins  by  subdivision  of  the 
germinative  cellule  or  nucleus.  The  nucleus  and  nucleolus  then 
divide  and  subsequently'  the  "protoplasmic  body."  The  yolk, 
however,  remains  entirely  independent  of  this  division,  and  serves 
as  nourishment  for  the  other  cells  forming  the  body  of  the 
embryo. 

From  Van  Beneden's  observations,  it  appears  that  the  eggs  of 
the  lower  flukes  as  a  rule  undergo  total  segmentation,  and  the 
young-  are  hatched  either  oval,  ciliated,  Infusorian-like,  without 
any  organs,  not  even  eye-specks,  as  in  Distoma  and  Amphistoma ; 
9r  as  in  the  higher  Trematodes^  as  shown  by  the  elder  Van 
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Beneden,  the  development  is  direct,  the  embryo  passing  directly 
into  a  form  like  the  adult. 

For  the  Airther  history  of  the  flake  we  will  tarn  to  Steenstrap's 
famous  work  "On  the  Alternation  of  Generations/'  whei'ein  is  first 
related  the  strange  history  of  these  animals.  While  the  flakes 
were  well  known,  as  well  as  the  tadpole-like  Cercaiia,  it  was  not 
known  before  the  publication  of  Steenstrup's  work  in  1842,  that 
the  Cercariffi  were  the  free  larval  forms  of  the  Distomas.  The 
Cercaria  ecJUnataj  first  described  by  Siebold,  is  like  a  Distoma  ex- 
cept that  the  body  is  prolonged  into  a  long  extensible  tail.  This 
.tail,  says  Steenstrup,  is  formed  of  several  membranes  or  tubes 
placed  one  within  the  other,  of  which  the  outermost  is  a  very 
transparent  epidermis,  under  which  is  a  tolerably  thick  membrane 
famished  with  transverse  muscular  fibres  or  strice^  and  between 
each  pair  of  these  transverse  fibres  is  placed  a  globular  vesicle 
which  appears  to  be  a  mucous  follicle  or  gland;  the  innermost 
tube  is  opaque  and  of  firmer  consistence,  it  contains  the  longitn- 
dinal  muscular  fibres,  and  is  usually  reticulated  on  the  surface. 
Through  the  centre  t>f  these  tubes  there  passes  a  slightly  narrower 
canal,  which  becomes  very  small  towards  the  extremity  of  the 
tail.  The  existence  of  the  same  layers  in  the  body  itself  of  the 
Cercaria,  can  easily  be  demonstrated ;  but  the  transversely  striated 
layer  is  here  not  so  much  developed.  This  description  of  the 
Cercaria  will  remind  one  of  the  tadpole-like  larva  of  the  Ascidians. 
The  apparent  homology  in  structure  of  the  tail  of  the  Cercaria 
with  that  of  the  Ascidian  larva  as  figured  by  Kupffer,  is  striking. 
This  similarity  may  be  seen  if  the  reader  will  compare  fig.  7, 
Tab.  ii,  in  De  la  Yalette  St.  George's  "  Symbolae,"  representing 
a  stage  in  the  development  of  Cercaria  flava  into  Monostomum 
Hamim.  The  author  figures  a  row  of  cells  on  each  side  of  a 
central  cavity  tbtough  which  passes  what  is  regai-ded  as  pos- 
sibly a  nerve.  Whether  this  is  not  as  much  a  chorda  dorsalis 
and  spinal  nerve  as  those  parts  regarded  as  such  in  the  Ascidian 
larva,  is  a  subject  for  fhture  investigation.  But  in  other  respects 
the  position  of  the  mouth,  the  sense-organs,  as  well  as  the  fbrm 
of  the  body  strikingly  recall  the  Ascidian  larva,  so  much  so  that 
it  gives  strong  confirmation  to  the  opinion  that  the  Ascidians  are 
worms,  and  that  they  and  the  Trematodes  have  possibly  originated 
from  allied  forms.  In  another  species,  Cercaria  ocedata^  the  tail 
has  a  lateral  fin ;  and  in  still  another  species  figured  by  J.  Miller 
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on  the  same  plate  {Cercarta  utifera)  unaccompanied  by  any  de- 
scription, the  tail  eentains  an  axial  row  of  large  cells,  with  a  row 
on  each  side  reminding  one  of  the  embryo  of  the  Ascidian,  with 
its  axial  row  of  cells  (the  germ  of  the  chorda  dorsalis)  and  the 

rig.  164. 


DeTelopmoDt  of  Distoma. 

cells  on  each  side ;  moreover  the  tail  is  provided  with  nineteen 
pencils  of  long  hairs,  each  pair  arising  ftrom  a  distinct  segment, 


ftg.166. 


so  that  in  one  larval  Trematode  at  least, 
the  annaiated  structure  of  the  body  exists, 
as  well  as  in  the  larval  Planaria. 

Retaming  now  to  Steenstrup's  narrative, 
he  tells  as  that  these  ^^  Echinate  Cercariie 
(Fig.  164,  A,  parent  nurse;  e,  germs; 
a,  nurse;  B,  larva),  are  found  by  thous- 
ands, and  frequently  by  millions  in  the 
water,  in  which  two  of  our  largest  f^sh- 
water  snails,  Panorbis  cornea  and  Limnceus 
stagnaliSy  have  been  kept."  After  swim- 
ming about  in  the  water  some  time  they 
fix  themselves  by  means  of  their  suckers  (B,  s)  to  the  slimy  skin 
of  the  snails,  in  such  numbers  that  the  latter  look  as  if  covered 
with  bits  of  wool. 

The  Cercaria  by  contracting  its  body  and  violent  lashing  of  the 
tail  forces  its  way  into  the  body  of  its  host,  loses  its  tail,  and  then 
resembles  a  mature  Distoma.  By  turning  about  in  its  place  and 
secreting  a  mucus,  a  cyst  is  gradually  formed,  with  a  spherical 
shell.     This  constitutes  the  ^^pupa"  state  of  the  Cercaria,  first 


Developmenlf  of  If  onas- 
tomum. 
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observed  b}'  Nitzsch  and  afterwards  by  Siebold.  Steenstrup 
thinks  that  the  Cercaria  casts  a  thin  skin.  In  this  state  the  bodj 
can  be  seen  through  the  shell  of  the  cyst,  as  in  Fig.  164,  C,  where 
the  circle  of  spines  embedded  around  the  mouth  is  seen.^  The 
encysted  Cercariae  remain  in  this  state  from  July  and  August  until 
the  following  spring ;  and  during  the  winter  months  in  snails  kept 
in  warm  rooms,  they  change  into  Distomas  (Fig.  164,  D)  the  ma- 
ture fluke  diflfering,  however,  in  some  important  respects  from  the 
tailless  lar>'se.  In  nature  they  remain  flrom  two  to  nine  months  in 
the  encysted  state. 

^^Now,''  asks  Steenstrup,  ^*  Whence  come  the  Cercarise?"  Boja- 
nus  states  that  he  saw  this  species  swarming  out  from  the  ^^  king's 
yellow  worms,"  which  are  about  two  lines  long  and  occur  in  great 
numbers  in  the  interior  of  snails.  From  these  are  developed  the 
larval  Distomas,  and  Steenstrup  calls  them  the  ^* nurses"  of  the 
Cercarise  and  Distomata.  They  exactly  resemble  the  ^^  parent 
nurses"  (Fig.  164,  A)  and  like  them  the  cavity  of  the  body  is  filled 
with  young,  which  develop  fh>m  egg-like  balls  of  cells.  Steenstrup 
was  forced  to  conclude  that  these  nurses  originated  from  the  first 
nurses  (Pig.  164)  which  ho  therefore  calls  ^'parent-nurses."  Here 
the  direct  observations  of  Steenstrup  on  the  Cercarki  eehinmki  eame 
to  an  end,  but  he  believed  that  the  parent-nurses  came  from  eggs. 
The  link  in  the  cycle  of  generations  he  supplied  from  the  observa- 
tions of  Siebold,  who  saw  a  Cercaria-like  young  (Fig.  165,  B) 
expelled  from  the  body  of  the  ciliated  larva  of  Monostamum 
mutdbUe  (Fig.  165,  A,  a,  nurse  developing  fh)m  ciliated  larva;  m, 
mouth ;  6,  eye  specks).  Steenstrup  remarks  that  '^  the  first  form  fit 
this  embryo  is  not  unlike  that  of  the  common  ciliated  progeny  of 
the  Trematoda,  as  they  have  been  known  to  us  in  many  species 
for  a  long  time,  f^om  the  observations  of  Mehlis,  Nordmann  and 
Siebold,  and  it  might  at  first  sight  be  taken  for  one  of  the  poly- 
gastric  infusoria  of  Ehrenberg,  which  also  move  by  cilia ;  whilst 
in  the  next  form  which  it  assumes  the  young  Monostomum  bears 
an  undeniable  resemblance  to  those  animals  which  I  have  termed 
'nurses'  and  'parent  nurses'  in  that  species  of  the  Trematoda 
which  is  developed  fh>m  the  Cercaria  echinata." 

Thus  the  cycle  is  completed   and  the  following  summary  of 

>  OUier  figures  by  Steenstrap  and  other  anttiort  ihow  the  fbrm  of  the  enojsted  Cer» 
oarU  very  distlocUy,  but  In  the  flgdre  glTen  abOTe  only  the  tplnea  are  dlttinoily  lepre* 
i^ented  in  the  plate  flrom  which  this  is  copied. 
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changes  andei^one  by  the  lower  Distom^  present  as  clear  a  case 
of  an  alternation  of  generations  as  seen  in  the  jelly  fishes. 

1.  Egg.  • 

2.  Morula. 

8.  Ciliated  larva. 

4.  Cercaria  (parent  nurse,  Proscolex)  producing 

5.  Cercaria  (nurse,  scolex). 

6.  Encysted  Cercaria  (Proglottis). 

7.  Distoma  (Proglottis). 

The  Cercaria  echinatUy  living  in  snails  which  are  eaten  b}-  ducks, 
have  been  shown  by  St.  G^eprge  to  develop  into  the  adult  Distoma 
in  the  body  of  that  bird.  It  is  generally  the  case  that  those  Dis- 
tomas  which  pass  through  an  alternation  of  generations  live  in 
the  larval  state  in  animals  which  ser\'e  as  food  for  higher  OTders. 
Thus  the  Bucephalus  of  the  European  oyster  passes  in  the  en- 
cysted state  into  a  fish  (Gasterostomum),  which  serves  as  food  for 
a  larger  fish,  Bdone  vulgaris^  where  the  cysts  of  the  same  worm 
occur. 

Distoma  hepaticum^  the  liver  fluke,  sometimes  occurring  in  man, 
is  thought  by  Dr.  Willemoes-Suhm  to  begin  its  existence  as  Cer- 
caria cystopJiora,  parasitic  on  a  species  of  Planorbis. 

LFIERATURE. 

Steenttrvp.    On  the  Alternation  of  Generations.    1842.   Translated  by  G.  Busk,  1845. 

De  la  Valette  St.  Oeorge,  Symbols  ad  Trematodam  Evolntionis  Historiam.  Berlin, 
1850. 

Leuckari,   Die  Mensohliolien  Parasiten.    Leipzig.  ■  1868,  incomplete. 

E.  Van  Beneden,  Becberdies  tor  la  Composition  et  la  Signiflcation  de  POenf.  Brux- 
eUea,  1870. 

Development  of  the  Cestodes.  In  the  tape  worm  there  is  no  ali- 
mentary canal,  the  liquid  food  being  absorbed  from  the  juices  of 
its  host  through  the  walls  of  the  body.  The  head  is  armed  with 
suckers,  hooks  or  leaf-like  soft  appendages,  while  the  body  is  sub- 
divided usually  into  a  great  number  of  segments,  each  containing 
an  ovary  and  male  gland.  While  the  Turbellaria  possess  a  pair 
of  nerve-ganglia,  the  Cestodes  are  not  known  positively  to  possess 
any  trace  of  a  nervous  system. 

E.  Van  Beneden  shows  that  the  egg  is  formed  by  two  glands, 
one  of  which  (the  germogene)  forms  the  nucleus  and  nucleolus, 
while  the  other  (vitellogene)  forms  the  yolk.  Development  begins 
very  probably  as  in  the  Trematodes,  by  multiplication  by  division 
of  the  nucleus  (germinative  cell).    In  the  eggs  of  Toenia  bacU^ 
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JaTTts  E.  Van  Beneden  saw  the  nucleas  subdivide;  afterwards  the 
cells  are  arranged  in  two  layers,  and  the  outer  layer 
is  thrown  off  (this  probably'  corresponding  to  the  am- 
nion of  injects  and  cnistacea)  ;  the  central  mass 
forms  the  em-  Hg.ie?. 

br3'o,  and  soon 
the  three  paii-s 
of  hooks  arise 
as  in  Fig.  166. 
Embiyo  of  Three  struc- 
turelcss  mem- 
branes are  secreted  around 

the     embrj'O,    which     then 

hatches.     The     embryo    cf 

Bothviocephalus  is  providid 

with  a  ciliated    membrane*, 

which    corresponds    to  the 

first  blastodermic  moult  of 

the   embryo  Tsenia,    which 

is  not  ciliated. 

Now  taking  up  the  histoiy 

of  the  human  tape  worm^ 

Toenia  solium  (Fig.  167*), 

the  eggs  eaten  by  the  hog 

are  developed  in  its  Ixxly 

into  the  larval  tape  worm 

(scolex)  called  in  this  spe- 
cies,   Cysticercus  ceUuloaoe^ 

(Fig.  168;   Fig.  169,  head 

enlai*ged).    The  head  with 

its  suckers  is  formed,  the 

body  becomes  flask-shaped  ^°*™^°  ^"^""  ^*p*  '^^™- 

(Fig.  168,  Cysticercus)  ;  the  Cystioerci  then  bury  themselves  in  the 

liver  or  the  flesh  of  pork,  and  are  transferred  living  in  uncooked 

pork  to  the  alimentary  canal  of  man.    The  body  now  elongates, 

1  TcBiUa  Bolium.  A,  the  worm  natural  size :  %,  head ;  a,  a09th  Joint ;  b,  448th ;  o,  SOQih ; 
dj  esoth;  0,  768th;  /,  049th;  g,  8S5th  Joint  and  last  bat  one.  This  worm  was  10  feet  9 
inches  long.  B,  a  separate  Joint  (Proglottis)  showing  the  ovary  with  its  outlet  o;  the 
same  Joint  oontalns  a  testis,  too  minute  to  show  in  the  figure.  Fig.  168,  Cytlhermu 
eeUuIo»<B,  the  larval  tape  worm,  a,  circle  of  hooks;  6,  suckers;  o,  wrinkled  neck;  d, 
sac  liUed  with  fluid.   This  and  Fig.  166  and  169  trom  Weinland. 
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new  joints  arise  behind  the  head  until  the  form  of  the  tape  worm 
is  attained,  as  in  Fig.  167,  after  Weinland. 

Now  we  shall  see  how  the  eggs  are  produced.  The  hinder 
joints  become  filled  with  eggs  and  then  break  off,  becoming  inde- 
pendent animals  comparable  with  the  ^^parent-nurses"  of  the  Cer- 
carias,  except  that  they  are  not  contained  in  the  body  of  the 
Tfienia  (as  in  the  Cercaria),  but  are  set  free.  The  independent 
joint  (Fig.  167,  g^  is  called  a  "proglottis,"  It  escapes  from  the 
alimentary  tract,  and  the  eggs  set  f^ee  are  swallowed  by  that  un- 

Fig.  ie8. 

PIff.  1G8. 


CvPticprrnp.  or 
IhiviU  Tape 
worm. 

Head  of  Cjsticercus  enlarged,  showing  the  suck- 
ers (8)  and  circle  of  hooks. 

clean  animal,  the  pig,  and  the  cycle  of  generations  begins  anew. 
We  thus  have  the  following  series  of  changes  which  may  be  com- 
pared with  the  homologous  series  in  the  flukes : 

1.  Egg. 

2.  Morula. 

d.  Double-walled  sac  (Planula?). 

4.  Froscolex,  A*ee  embryo  with  hooks,  surrounded  by  a  blasto- 
dermic skin  (Amnion?). 

5.  Scolex  (Cysticercus,  larva).    Body  few-jointed. 

6.  Scolex  (Tienia).    Body  many-jointed. 

7.  Proglottis  (adult). 

LITERATURE. 

P.  J,  Van  Benedtn,   Lea  Vera  Cestoldei".    Brussels.   18S0. 
.   Memoire  sur  lea  Vera  Intestinaux.    Paris.    18R8. 
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Siebold,   Ueber  die  Band-  und  BlasenwUnner.    Leipzig.   IflSi. 

WettUand,   An  Esmj  on  tbe  Tapeworm*  of  ICan.    188B. 

Compare  also  the  works  of  Leockart,  Kacheumetoter,  S.  Van  Beneden  and  Cobbold. 


Development  of  the  Nemerteans.  In  the  deyelopment  of  some 
of  these  worms  we  are  reminded  of  the  mode  of  growth  of  the 
Echinoderms,  while  in  others  the  larvie  attain  the  adult  condition 
by  gradual  development.  In  no  order  of  animals,  perhaps,  is 
there  a  greater  range  of  variation  in  the  mode  of  development 
than  in  these  carious  worms. 

The  simplest  mode  of  growth  is  that  described  by  Dieck  in  Ce- 
phalothrix,  where  the  ciliated  larva,  after  passing  through  a  morula 
and  planula^  stage  (being  a  two-layered  sac,  but  not  a  gastrula) 
leaves  the  egg  and  undergoes  no  metamorphosis,  the  young  worm 
having  no  body  cavity.  In  the  Nemertes  larva  of  Desor  there  is 
a  body  cavity,  but  the  larva  is  still  an  infbsorian-liko  being,  and 
attains  maturity  by  direct  growth.  Another  Nemertean  {N.  com- 
munia)  has  been  found  by  Barrois  to  have  a  somewhat  more  com- 
plicated mode  of  growth  than  in  the  larva  of  Despr.  The  first 
stages  of  development  are  like  pig.iTO. 

those  of  the  larva  of  Desor,  the 
morula  passing,  as  he  claims, 
into  a  ciliated  ''gastrula"  state 
in  the  egg,  the  body  cavity  being 
formed  by  invagination  of  the 
outer  layer  of  cells,  but  the  ani- 
mal after  shedding  an  amnion 
leaves  the  egg  in  the  Nemertes 
form,  and  there  is  no  free  swim- 
ming stage. 

Now  we  come  to  those  Nemer- 
teans  in  which  there  is  a  very 
complicated  metamorphosis.  J. 
Miiller  had  described  an  animal  ^"****"'"  ''*"*  "**  ^^^"^^  '^'^^^^  ^  **• 
caught  with  the  towing  net  which  he  called  ^^Pilidium."  Busch 
liad  suspected  that  a  Nemertes  came  from  the  Pilidium,  and  Leuc- 


^The  Inner  lining  of  the  planula  arises  before  the  body  cavity  is  fbrmed,  by  a  difltor- 
entiation  of  a  second  inner  cell-layer,  as  oocnrs  in  other  worms,  zoophytes,  etc.  Dleok 
eridently  Ibnito  the  term  gastmla  to  a  two*layered  sac,  with  a  bo<ly  oavlty  formed  by 
the  inragination  of  the  ectoderm  Lackester's  "gastmla''  includes  any  embryo  with 
a  two-layered  sac  and  a  primitive  cavity.  Dieck's  planula  Is  Uke  U»ckePs  planula  of 
the  H>onge,  the  cavity  being  formed  during  tbe  segmentation  of  the  egg. 
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kart  and  Fagenstecker  proved  it.  Our  figure  taken  ft-om-  the 
drawings  of  these  two  last  named  authors  shows  the  singular  Pili- 
dium,  and  the  planarian-like  Nemertes  with  the  eye-dpeoks  (Fig. 
170,  e),  growing  in  it.  How  the  worm  originates  in  the  body  of 
the  Pilidium,  and  how  the  latter  arises,  have  lately  been  fully  shown 
by  Metschnikoff,  and  to  his  memoir  we  are  indebted  for  the 
strange  history  of  the  alternation  of  generations  in  these  worms. 

He  followed  the  development  of  the  Pilldium  ftom  the  egg, 
which  undergoes  total  segmentation,  leaving  a  segmentation-cav- 
ity. The  next  occurrence  is  the  separation  of  a  one-layered  cili- 
ated blastoderm,  the  ectoderm,  which  invaginates,  forming  the 
primitive  digestive  cavity,  from  which  the  stomach  and  oesophagus 
are  formed.  The  larva  is  now  helmet-shaped,  ciliated,  with  a  long 
lash  (flagelhim)  attached  to  the  posterior  end  of  the  body. 

After  swimming  about  on  the  surface  of  the  sea  awhile,  the 
Nemertes  begins  to  grow  out  from  near  the  oesophagus  of  the 
Rlidium.  On  each  side  of  the  base  of  the  velum  (v)  of  the  Pilid- 
ium  appear  two  thickenings  of  the  skin,  one  pair  in  front,  the  other 
behind ;  these  thickenings  push  inwards,  and  are  the  geims  of  the 
anterior  and  posterior  end  of  the  friture  worm.  The  anterior  pair 
become  larger  than  the  posterior ;  the  part  of  the  disk  next  to  the 
oesophagus  thickens;  at  the  same  time  the  alimentary  canal  of 
the  Pilldium  grows  smaller  and  only  a  narrow  slit  remains.  The 
disks  now  divide  into  two  layers,  the  outer  much  thicker  than 
the  inner.  A  new  structui*e  now  arises,  a  pair  of  vesicles  near  the 
hinder  pair  of  disks ;  these  are  the  ^^  lateral  organs"  of  the  future 
worm.  Soon  the  anterior  pair  of  disks  unite  and  the  head  of  the 
worm  is  soon  formed,  when  the  elliptical  outline  of  the  flat  worm 
is  indicated,  and  appears  somewhat  as  in  Fig.  170  (i,  intestine 
of  the  worm).  The  yolk  mass,  with  the  alimentary  oanal  of  the 
Pilidium,  is  taken  bodily  into  the  interior  of  the  Nemertes,  the 
Pilidium  skin  falls  off,  and  the  worm  seeks  the  bottom. 

Metschnikoff  discovered  five  other  species  of  Pilidium,  and 
thinks  this  mode  of  development  Is  not  an  uncommon  occurrence. 
This  manner  of  development  is  directly  comparable  with  that  of 
the  echinoderm  fr^om  the  Pluteus. 

To  show  the  wide  range  of  metamorphosis  existing  in  the  Ne- 
merteans,  we  may  cite  the  case  of  a  Nareda  studied  by  Mr.  A. 
Agassiz,  and  whose  early  stages  are  like  those  of  the  higher 
Annelides,  in  fact  so  much  so  that  Milne-Edwards  and  Claparede 
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«  Fig.  174. 

Fig.  17 1. 


Fig.  17S. 


Pig.  176. 


I>eTelopment  of  a  Nan«rte«a  worm.   Alter  A.  AgmMl«. 
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associated  *Hhe  larva  of  Lovto''  (which  Mr.  Agassiz  has  traced 
withoat  any  doubt  to  the  Nemertean  worm)  with  that  of  Pol^'noe, 
a  representative  of  the  highest  family  of  Chsetopod  worma.  In 
the  first  stage  (Fig.  171,  a,  anus;  c,  intestine;  m,  mouth;  o, 
oesophagus ;  «,  stomach ;  6,  eye-speck ;  v,  ciliated  ring)  the  larva 
is  not  ringed ;  this  figure  may  be  compared  with  figure  96  on  p. 
281  to  show  how  much  alike  the  worm  and  Echinoderm  larvse 
appear.  The  new  rings  are  formed  between  the  anal  rings  and  the 
older  anterior  rings,  as  in  annelid  larvae,  and  in  fact  in  the  em- 
bryos of  the  Insects  and  Crustacea.  Figs.  172  and  173  represent 
the  ringed  larva.  ^^A  number  of  rings  make  their  appearance  at 
once,  and  are  the  more  distinct  the  nearer  they  are  placed  to  the 
mouth."  The  worm  now  greatly  elongates,  more  segments  are 
added  and  it  appears  as  in  Figs.  174  and  175,  with  the  ciliated 
crown,  the  small  short  tentacles  and  eyes.  The  worm  now  swims 
about  slowl}'  and  creeps  over  the  bottom,  and  is  nearly  a  quarter 
of  an  inch  long.  It  will  be  observed  that  the  larva  differs  from 
those  of  other  Annelides,  as  Mr.  Agassiz  states,  in  the  absence  of 
^^  feet,  bristles  or  appendages  of  any  sort,  except  the  two  tentacles 
of  the  head ;  and,  were  it  not  for  these,  it  would  seem  as  if  the 
young  worm  were  the  larva  of  some  Nemertes-like  animal."  Fig. 
176  represents  the  worm  over  four  months  after  the  stage  rep- 
resented by  Fig.  175,  the  articulations  have  disappeared  and  a 
month  later  the  head  is  separated  fh>m  the  body  by  a  neck,  the 
tentacles  disappear,  the  body  is  flattened,  and  the  Nemertes 
(Polia)  form  is  attained. 

It  is  thus  interesting  to  know  that  the  young  Echinoderm  (Fig. 
96),  the  young  mollusk  (Fig.  140  B)  and  the  young  Nemertean 
worm  pass  through  a  similar  free  swimming  Cephalula  stage.  We 
shall  see  farther  on  that  the  young  Balanoglossus  and  the  true 
Annelides  pass  through  a  similar  phase.  The  changes  through 
which  the  Nemertean  worms  pass  are  the  following,  though  it 
should  be  borne  in  mind  that  different  species  pass  through  dif- 
ferent cycles  of  growth,  some  exhibiting  no  metamorphosis,  the 
stages  being  more  or  less  condensed  in  the  embryo  state. 

1.  Egg. 

2.  Morula. 

8.  Planula  (or  Gastrula?)  hatching  as  a 

4.  Ciliated  Infusorian-like  larva,  or  a 

5.  Pilidium  or  a  Cephalula. 
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Fig.  177. 
e 


6.  Nemertea  (o)  budding  out  ftom  the  Pilidium,  or  (6)  arising 
by  direct  growth  ttom  the  Cephalula. 

UTERATURB. 

Lovin.  Jakttagelse  ofirer  Metamorfos  hot  en  Annelid.  (K.  Yet.  Akad.  Handllngar. 
Stockholm,  1840.  Translated  in  Archir  ftir  Matargesohichte.  ISO,  and  Annales  dea  So. 
Nat.  1842.) 

Desor,   Bmbryologle  Ton  Nemertes.    (Mnller's  Archly,  1848.) 

Leuekart  and  PagtMtteker,  Untersuchungen  ueber  niedere  Seethiere.  (lfuUer*a 
Archi¥,  1858.) 

A.  Agassix.  On  the  yoang  stages  of  a  few  Annelides.  (Annals  Lyceam  of  Natural 
History.    New  York,  1806.) 

M€t9chnik<4t.  Bntwlckelung  der  Bchinodermen  nnd  Nemertinen.  (M^moires  Acad. 
Imp.  Sciences.    St.  Petersbourg,  1869.) 

Dieck.  Belti'ilge  zur  Entwickelongsgeschichte  der  Nemertinen.  (Jenaische  Zeits- 
ohrift  flir  Naturwissenschaft.    1874.) 

II.   NEMAT£LMIKTU£S  (Round  worms,  Thread  worms,  Hair  worms.) 

There  is  little  of  interest  in  the  development  of  the  ordinary  round 
worms,   which    whether 
free  or  parasitic  are  of 
the  usual  form,  as  shown 
in  the  Eustrongylus. 

The  mode  of  develop- 
ment of  all  these  worms 
BO  far  as  known  is  very 
uniform.  Development  * 
begins  in  three  ways: 
(1)  usually  the  egg  un- 
dergoes total  segmenta- 
tion ;  others  (2),  as  in 
Aacaris  dentatd  BXk^  Oxy* 

uris    ambigua,    do    not  ^5^  .^, 

show  any  trace  of  seg- 
mentation, and  (3)  in 
CucuUanu8  elegana  there 
is  no  yolk,  the  nucleus 
absorbing  all  the  vitel- 
line matter  which  is  lim- 
pid and  transparent  (£. 
Van  Beneden).  The 
germ  consists  of  a  single 

row  of  cells  bent  on  it-  f  d 

self  somewhat  as  in  Fig,  178,  which  represents  a  little  more  ad* 
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vanccd  state  iu  Sagitta,  and  there  are  a  few  cells  representing  the 

entoderm.    The  Nematode  may  be  said  therefore  to  pass  through 

Kig.iTs.  an   incomplete  gastrula   condition. 

The  adult  form  is  rapidly  assumed 

in  the  egg.     Fig.  178  after  J.  Wy- 

man,  represents  the  young  of  Eu- 

8trongylu8    papillostts    in    the    egg 

and  the  worm  just  after  hatching. 

Fig.  177,  a,  several  mature  worms 
Derelopment  of  a  Ronnd  worm.        ^.j^  ^^  .^  ^^^  ^^^^.^  ^^  ^^^  ^^^^^ 

bird ;  b,  female ;  c,  head  much  enlarged ;  d,  end  of  the  body ;  e, 
male ;  /,  the  end  of  its  body,  after  Wyman.) 

The  Trichina  spiralis  is  the  author  of  the  terrible  disease  called 
trichiniasis  or  trichinosis.  The  young  worms  exist  in  the  flesh  of 
the  hog,  where  they  become  encysted,  and  if  swallowed  by  man, 
the  cysts  are  dissolved  during  digestion,  and  the  young  worms  are 
set  free  in  the  intestinal  canal.  From  here  the  young  bore  in  all 
directions  in  the  body,  and  becoming  encysted  cause  the  flesh  to 
look  as  if  spiinkled  with  white  sand. 

The  development  of  the  hair-worm  (Grordius  and  Mermis)  is 
quite  complicated,  as  the  young  are  parasitic,  tadpole-shaped,  liv- 
ing in  the  bodies  of  insects,  especially  grasshoppers,  in  whose 
bodies  the  mature  worms  are  found  coiled  up.  M.  Villot  is  now 
publishing  .an  account  of  the  mode  of  development  of  these 
worms  in  a  monograph  appearing  in  Lacaze-Duthiers  '^Archives, 
but  not  yet  completed.  These  worms  are  oviparous,  laying  ex- 
ceedingly numerous,  minute  eggs  agglutinated  together,  forming 
long  white  strings.  Tlie  young  of  one  genus  live  in  the  aquatic 
larvse  of  flies  and  were  afberwai*ds  found  by  Villot  in  the  mucous 
layer  of  the  intestines  of  fishes. 

The  dio&cious  round  worms  pass  without  metamorphosis  through 
a  morula,  and  a  condensed  gastrula  state  (not  so  well  marked  as 
in  Sagitta)  in  the  egg,  assuming  the  adult  form  before  hatching. 
In  the  hair  worms  there  is  a  well  marked  metamorphosis. 

LITERATURB. 
Clnparbdt.    De  In  Formation  et  de  la  f^toondation  des  CEuft  ctiez  les  Yen  Nema- 
todes.   Gen(rvc,  I860.    Compare  alfo  papers  by  Bagge,  BeIcho:-t,  Siebold,  Nelaoo, 
Schneider,  Perez,  B.  Van  Beneden  and  Villot. 

III.    CHiETOGNATHI  (Sagitta). 
This  singular  worm  had  been  referred  to  the  Crustacea  by  some. 
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to  the  mollusca  by  Forbes,  and  even  to  the  vertebrates  by  Meiss- 
ner.  Its  development  and  stmcture,  however,  show  that  it  is 
nearly  related  to  the  Nematodes.  The  mouth  is,  however,  armed 
with  six  pairs  of  bristles ;  and  a  double-fin-like  expansion  of  the 
sides  and  ends  of  the  body  gives  it  a  slightly  fish-like  shape.  This 
fin-like  expansion  is  seen  in  the  Cercaria,  and  the  young  ascid- 
ian,  and  is  of  little  morphological  importance.  It  swims  on  the 
8ui*face  of  the  water,  not  seeking  the  bottom  or  living  parasiti- 
cally. 

Development  of  Sagitta,  This  animal  is  a  hermaphrodite,  and 
the  eggs  may  be  found  in  August  well  developed.  Its  develop- 
ment has  been  studied  by  Gegenbaur  and 
Kowalevsky,  by  the  latter  in  great  detail. 
The  egg  undergoes  total  segmentation,  a 
segmentation  cavity  being  formed  and  the 
blastoderm  invaginating  exactly  as  in  the 
Nematodes.  This  results  in  the  formation 
of  a  gastrula-condition  (Fig.  179)  in  which 
the  infolding  of  the  blastoderm  leaves  a 

well  marked  primitive  body  cavity.     Soon 

•f  *^  Gastrnla  of  Sagitta. 

at  the  opposite  end*  of  the  body  another 

cavity  (the  permanent  mouth)  forms,  which  deepens  and  connects 

with  the  primitive  body  cavity  ;  this  closes  up  at  the  posterior  end, 

and  the  true  digestive  canal  is  formed.    The  embryo  is  oval,  but 

soon  elongates,  and  the  adult  Sagitta  form  is  attained  before  the 

animal  leaves  the  egg. 

The  phases  of  development  are  then  as  follows : 

1.  Morula. 

2.  Gastrula  (well  marked,  but  not  ciliated  and  free). 
8.  Adult  Sagitta. 

LITERATURE. 

Gegenbaur.   Ueber  die  Entwickelnng  der  Sagitta.    Halle,  18S7. 
Kowdevthy,   Embryologisehe  Studien  an  Wttrmen  und  Arthropoden.    (M( 
Acad.  Imp.  Sciences.    St.  Petersburg,  1871.) 

IV.    ACANTHOCEPHALI. 

The  Echinorhynchus  (Fig.  180,  head,  after  Owen) ;  181 
same,  with  the  proboscis  retracted  (a,  oral  pore ;  56,  protn 
muscles;  cc^  retractile  muscles;   f^om  Owen),  a  singular  vv 
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without  a  mouth  or  alimentary  canal,  but  with  a  large  proboscis 
Tig.  iffl.  armed  with  hooks,  evidently  lives  by  imbibition 

of  the  fluids  of  its  host.  It  is  a  not  uncommon 
parasite  of  fishes.  Fig.  182  represents  an  aU 
lied(  ?  )  form  (Koleops  anguiUa)  described  by  Dr. 
Lockwood,  who  found  it  in  the  eel  (American 
Naturaxist,  vi,  1872). 

DevelapmerU  of  Echinorhynchua  gfgaa.  Schnel- 
der  has  given  the  only  account  we  have  of  the 
early  stages  of  this  worm.  "The  ova  of  this 
worm  are  scattered  upon  the  ground  by  the  pigs. 
Here  they  are  eaten  by  the  larvce  of  Mdolontha 
vulgaris  [a  beetle  allied  to  our  June  beetle],  and 
KQieops.  thus  arrive  at  their  further  development.    The 

ova  burst  in  the  stomach  of  the  larva,  and  the  embryos  contained 

Fig.  181. 
Fig.  180. 


Head  of  EchinorbyucbUiii. 

in  them  can  then  penetrate,  by  means  of  their  spines,  through  the 
intestine  into  the  body  cavity  of  the  larva ;  here  they  become  de- 
veloped, and  again  reach  the  intestine  of  the  pig  by  the  agency  of 
the  larva. 

"The  larvse  infested  with  Echinorhynchi  live  on  until  their  meta- 
morphosis into  cockchafers When  the  embryos  have 

arrived  at  the  body  cavity  of  the  larvce  of  Melolontha,  they  re- 
main for  some  days  unaltered  and  capable  of  motion ;  they  then 
become  rigid,  acquire  an  oval  form,  and  envelope  themselves  in  a 
finely  cellular  cyst,  which  is  formed  of  the  connective  tissue  of 
the  larva.  The  skin  of  the  embryo,  with  its  circlet  of  spines  at 
the  anterior  extremity,  continues  at  first  to  be  the  skin  of  the 
growing  larva ;  and  it  is  only  at  a  later  period,  when  the  forma- 
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tion  of  the  hooks  commences,  that  it  is  thrown  off,  when  it  forms 
a  second  cystic  envelope.  The  embryo,  or  rather  the  larva,  pro- 
ceeding from  it,  divides  very  soon  into  two  layers,  a  thick  dermal 
layer  and  an  inner  cell-mass,  from  which  the  other  organs  origin 
nate.''    The  ovaries  and  testes  are  produced  at  a  very  early  stage. 

LITERATURE. 

Schneider,  On  the  development  of  Edhinorhjfnchus  giga$,  (Sitzungsbeiicht  der 
OberhesBlBcben  Gesellschaft  fUr  Natnc  nnd  Heilknnde,  1871.  Translated  in  Annals  and 
Mag.  Nat.  Hist.,  1871.) 

V.    ROTATORIA. 

The  Rotifers,  by  some  eminent  naturalists  regarded  as  Crus- 
tacea, are  shelled  worms,  related  to  the  flat-worms  in  many  re- 
spects.   The  Hodj  consists  of  sev- 
eral segments,  and  the  sexes  are  j    ^    m    ib 
very  unlike,  the  small  males  hav- 
ing the  organs  more  or  less  rudi- 
mental,  with  no  alimentary  canal. 

Like  the  lower  worms  they  have  a   **  ji 

set  of  tubes  excretory  in  their  na-  , 

ture  and  perhaps  respiratory,  cor-  eg 

responding  to  the  water  vascular  *^*  ovt 

tubes  of  the  Radiates,  but  with  ^ 
fine  ciliated  infUndibuliform  ori-  ^ 
fices  comparable  with  the  seg-  ^ 
mental  organs  of  the  Brachiopods  eg^ 

and  higher  worms ;  also  a  pair  of   *' 
teeth  in  the  pharynx,  as  in  many    <i 
worms.    The  anus  is  situated  on 
the  back  at  the  base  of  the  tail. 
Sometimes    the    digestive    canal 
ends  in  a  blind  sac.    The  distinc- 
tive organ  is  the  retractile,  ciliated,  paired  organ  which  may  be 
called  the  velum.    Fig.  188  ^  from  H.  J.  Clark,  repr "-  '^     - 

^  SquameUa  obUmga,  magnified  200  diameters.  From  fineah  water, 
low;  shell  or  carapace  (f,  <^,  $*);  «,  the  anterior  transrerse  edge  of 
the  anterior,  and  «*,  the  posterior  comers  of  the  carapace;  «*,  the  be 
flat  area  which  occupies  the  lower  fiice  of  the  carapace;  lb,  the  cilia' 
tbe  head;  t,  the  fork  of  the  tail  (<>);  m,  the  mouth;  j,  Jaws;  J^,  musd 
if,  stomach;  cv,  the  contractile  yesicle,  or  heart  of  the  aquiferous  ch 
a^,  er*,  the  right,  and  oe*,  ev^,  the  left  aquiferous  circulatory  TesseU 
Uoiely  dereloped  young.— Clark's  **  Mind  in  Nature." 


ov« 


A  Rotifer. 
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mella  oblonga  of  Ebrenberg,  found  in  this  country.    It  is  closely 
allied  to  Brachlonus. 

Development  of  tJie  Rotifers.  The  sexes  are  distinct.  The  fe- 
males lay  both  summer  and  winter  eggs,  the  former  being  un- 
fertilized, like  the  summer  eggs  of  the  Cladocera  (Daphnia).  The 
Rotifers  live  in  damp  places  in  water  and  revive  after  being 
nearly  dried  up  for  a  long  time.  Dr.  Salensky  has  been  the  first 
to  give  a  complete  sketch  of  the  life-history  of  a  Rotifer,  Brachr 
ionua  urceolaris. 

The  eggs  of  Brachionus  are  attached  by  a  stalk  to  the  hinder 
part  of  the  body  of  the  female.  The  following  remarks  apply  to 
the  female  eggs,  which  are  quite  distinguishable  from  the  mascu- 
line ones.  The  eggs  undergo  total  segmentation,^tnd  the  outer 
layer  of  cells  resulting  from  subdivision  form  the  blastoderm, 
when  the  formation  of  the  organs  begins.  The  first  occurrence  is 
an  infolding  of  the  blastoderm  (ectoderm)  forming  the  primitive 
mouth,  which  remains  permanently  open,  the  mouth  not  opening 
at  the  opposite  end  as  in  Sagitta,  but  the  entire  development  of 
the  germ  is  as  in  Calyptrsea,  as  Salensky  often  compares  the  ear- 
liest phases  of  development  of  the  Rotifer  with  those  of  that  mol- 
lusk.  The  "trochal  disk,"  or  velum,  as  we  may  call  the  ciliated 
disk  of  the  Brachionus,  arises  as  in  certain  mollusks,  as  a  swell- 
ing on  each  side  of  the  primitive  infolding.  Behind  the  primitive 
hole  appears  another  swelling,  which  becomes  the  "foot"  or  tail. 
There  is  soon  formed  at  the  bottom  of  the  primitive  infolding  a 
new  hole  or  infolding,  which  is  the  true  mouth  and  pharynx,  while 
a  swelling  just  behind  the  mouth  becomes  the  under  lip. 

Soon  after,  the  two  wings  of  the  velum  become  well  marked,  and 

their  relation  to  the  head  is  as  constant  as  in  Calyptrsea.    The 

Fig.  184.  ^00^  becomes  conical,  larger,  and  the  termination 

of  the  intestine  and  anal  opening  is  formed  at 

the  base. 

The  internal  organs  are  then  elaborated ;  first 

the  nervous  system,  consisting  of  but  a  single 

pair  of  ganglia  arising  from  the  outer  germ-layer 

(ectoderm).    Soon  after  the  sensitive  hairs  arise 

on  the  wings  of  the  velum. 

Brachionus  nearly        Fig.  184  shows  the  advanced  embryo,  with  the 

ready  to  hatdi.       \yQ^y  divided  into  segments,  the  pair  of  ciliated 

wings  of  the  velum  (v),  and  the  long  tail  {t).    At  this  time  the 
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.  shell  begins  to  form,  and  afterwards  covers  the  whole  trunk,  but 
not  the  head. 

The  inner  organs  are  developed  fh>m  the  inner  germ-layer  (en- 
doderm),  which  divides  into  three  leaves,  one  forming  the  middle 
part  of  the  intestine,  and  the  two  others  the  glands  and  ovaries. 
The  pharyngeal  jaws  arise  as  two  small  projections  on  the  sides  of 
the  primitive  cavity. 

The  male  develops  in  the  same  mode  as  the  female.  The  Roti- 
fers, so  far  as  can  be  judged  from  one  species,  seem  to  develop  in  a 
manner  quite  unlike  other  worms,  and  in  the  earliest  phases  much 
as  in  some  Gastropods,  the  mode  of  their  embryology  not  throwing 
much  light  on  the  affinities  of  the  group,  which  is  of  doubtAil  posi- 
tion, though  with  more  of  the  characters  of  worms  than  Crustacea. 

The  young  pass  through  a  morula  state,  and  the  embryo  directly 
attains  the  mature  form  in  the  egg. 

LrrSRATURE. 

Saimtakif,  Beitrage  zar  Entwicklangsgesohiohte  der  BraehUmuB  urceolarii.  (Siebold 
and  EdUiker's  Zeitsohrift,  1872).  Compare  also  the  papers  of  Huxley,  Leydig,  Cohn, 
Gosse  and  Niigell. 


BEVIEWS  AND  BOOK  NOTICES. 

SuLLIVANT'S  IcONES  ]\rfuSCORTJM,  OR  FIGURES  AND  DESCRIPTIONS 
OF    MOST  OF  TH09E   MoSSES   PECULIAR  TO  NORTH  AMERICA,  WHICH 

HATE  NOT  JET  BEEN  FIGURED.  —  Supplement  {Postkumous) .  With 
eighty-one  copper  plates,  imp.  8vo.  Prefaced  by  a  Biographical 
Sketch  of  the  author,  by  Asa  Gray.  Mr.  Sullivant  died  on  the 
80th  of  April,  1878,  leaving  the  plates  of  this  exquisite  volume 
ready  for  publication,  and  the  letter-press  partially  so.  The 
latter  has  been  completed  by  his  fHend  and  associate,  Mr.  Lesr 
querent ;  and  the  volume  has  at  length  been  brought  out,  at  the 
expense  of  Mr.  Sullivant's  executors,  and  in  accordance  with  his 
wishes.  Only  k  very  small  edition  has  been  printed.  The  deli- 
cate copper  plates  were  not  intended  for  a  large  impression ;  and 
the  number  of  botanists  interested  in  the  serious  study  of  mosses 
is  supposed  to  be  small. 

As  with  the  larger  first  volume,  with  one  hundred  and  twenty- 
three  plates,  issued  ten  years  ago,  so  with  this  supplementary  one 
now  bequeathed  to  botanists,  the  sale  of  the  whole  edition,  at  the 
price  for  the  present  fixed,  would  be  far  from  covering  the  actual 
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pecuniary  outlay  in  the  production.  The  work  is  a  gift  to  bryolog>- 
ical  science  by  one  of  its  most  distinguished  cultivators,  who, 
fortunately,  was  blessed  with  the  means  which  enabled  him  to 
bestow  it.  He  accordingly  fixed  a  price  much  below  the  cost,  so 
as  to  bring  the  work  fairly  witMn  the  reach  of  students  who  may 
desire  it.  This  policy  will  still  be  adhered  to  for  a  sufficient  time 
to  enable  those  in  this  country  who  need  the  work  to  obtain  it 
advantageously.  For  the  present  the  price  of  the  original  volume 
will  be  $14.00 ;  of  the  supplement  $10.00 ;  of  the  two  together, 
$24.00.  It  is  supplied  by  the  American  Naturalists'  Agency,  as 
well  as  by  Charles  W.  Sever,  Cambridge,  Mass.,  by  Westermann 
Sc  Co.,  New  York,  and  by  Trubner  &  Co.,  London.^- Asa  Gbat. 

BOTANY. 

Introduction  of  Ulex  europjeus  in  the  Berhudas. — In  the 
winter  of  1872-3, 1  sowed  English  seed  of  this  shrub  in  my  garden, 
and  a  few  healthy  plants  were  produced  in  the  course  of  twelve 
weeks  or  so.  Leaving  for  the  north  for  the  summer  months,  I 
thought  it  best,  to  insure  their  safety,  to  present  them  to  His 
Excellency  the  Govemor,  Major  General  Lefroy,  whose  endeavors 
to  introduce  new  forms  of  vegetation  into  the  islands  are  widely 
known  and  appreciated.  The  plants  died  during  the  summer. 
More  seeds  were  then  sown  in  Government  House  garden  and 
came  up  well,  and  being  transplanted  into  favontble  positions, 
throve  beyond  expectation,  and  in  February  last  I  ha4  the  pleas.- 
ure  of  seeing  several  plants,  arranged  as  a  thicket  on  a  north- 
western slope,  in  blossom.  Still,  I  was  somewhat  skeptical  re- 
garding the  ultimate  result,  knowing  that  this  form  refhses  to 
grow  farther  south  than  the  latitude  of  42^  in  the  eastern  hemis- 
phere, but  much  to  my  satisfaction  the  legumes  duly  form^d9  And 
the  seeds  becamiQ  fuUy  ripe  at  the  beginning  of  this  month,  so  that 
the  plant  may  now  be  said  to  be  naturalized  in  these  islands. — J. 
Matthew  Jones^  the  Hermitage^  Bernmdas^  May  12,  1875. 

ZOOLOGY. 

Mr.  Gentry's  paper  on  Fertilization  through  Insect 
Aoenot. — It  is  to  be  regretted  that  this  interesting  paper  fails 
Just  where  it  might  be  of  scientific  value.  If  Mr.  Grentry,  who, 
by  the  context  of  the  article  evidently  anticipated  cross  fertiliza* 
tion,  had  enclosed  a  few  female  flowers  in  gauze  bags,  fuid-  self 
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fertilized  them,  the  case  of  Cucurbita  ovifera  would  have  been 
complete,  and  in  Wistaria  how  easy  to  take  pollen  from  some  ma- 
ture flowers  and  impregnate  the  younger  ones.  It  is  tantalizing 
to  be  put  oflf  with  "incontrovertible"  inferences  and  suggestions, 
when  the  material  for  actual  proof  was  so  near  at  hand. — 
T.  Meshan. 

Colorado  Potato  Beetle  destroyed  by  the  Rose-breasted 
Grosbeak. — I  noticed  last  summer  that  great  numbers  of  the  Col- 
orado potato  beetle  were  destroyed  by  the  Rose-breasted  grosbeak, 
Chniaphea  JLudoviciana. 

The  farmers  hold  these  birds  in  great  favor,  and  are  very  care- 
fhl  to  prevent  their  destruction.  They  were  so  abundant  in  this 
region  last  summer  as  to  hold  in  check  the  vast  army  of  these 
ravagers  of  the  potato  crop. — W.  F.  Bundy,  Jefferson^  WU.j  Feb. 
25,  1875. 

The  Umbellttla. —  A  monograph  of  the  genus  has  just  been 
received  from  Mr.  Lindahl,  published  in  the  Swedish  Transactions. 
These  polypes  are  sea  pens,  with  a  remarkably  long  stalk,  attaining 
the  length  of  two  or  three  feet*  The  species  are  of  great  rarity, 
occurring  at  great  depths  off  Spitzsbergen,  Baffin's  Bay,  North 
Oreenland,  and  off  Cape  Finisterre.  A  second  genus,  Crinillum, 
occurred  in  Banka  Sea. 

Cigars  Destroyed  by  Insects. — The  disciples  of  Mr.  Trask 
will  be  glad  to  know  that  "  the  weed"  is  devoured  by  three  kinds 
of  insects,  and  thus  rendered  unQt  for  the  use  of  man.  In  a  collec- 
tion found  by  a  fHend  in  a  lot  of  cigars,  which  they  had  ruined. 
Dr.  Horn  enumerates  three  beetles:  CoUorama  simplex^  Xyloteresf 
and  CcUandra  oryzoe. 

GEOIiOaY  AND  FAIiEONTOIiOaY. 

The  Sand  Dunes  of  the  San  Luis  Valley.— On  our  hom 
march  while  in- the  service  of  the  U.  S.  G-eological  Survey  (1 
y.  Hayden's)  during  the  summer  of  1874,  we  passed  close  \ 
well-known  ^^  sandhills''  of  the  San  Luis  Valley  lying  at  th( 
of  the  Sangre  de  Christo  Range  opposite  Musca  Pass.  The 
sist  of  a  range  of  angular  dunes  extending  in  horse-shoe  for 
some  ten  miles,  the  central  points  of  which  will  average 
seven  hundred  feet  in  height,  making  a  very  prominent 
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against  the  dark  back-ground  afforded  by  the  Sierras  Sangre  de 
Christo  and  Belanca.  Outside  of  this  range  of  sandhills  along 
their  whole  extent  stretches  a  perfect  arena  (literally),  into 
the  eastern  end  of  which  a  river  of  considerable  size  rushes 
down,  and  is  utterly  lost  in  five  hundred  yards,  reappearing 
again,  much  diminished,  several  miles  below.  This  floor  of  sand 
and  the  square  sides  of  the  dunes  to  the  very  top  has.  beep  ruffled 
by  the  wind  into  small  irregular  fUrrows  identically  the  same  as 
the  ripple-marks  made  by  the  water  on  a  sandy  beach.  But 
while  the  body  of  this  pure  fine  sand  is  hammered  as  compact 
as  that  under  the  waves,  the  surface  is  a  little  softer,  so  as  to 
readily  receive  and  preserve  in  ordinarily  still  weather  such  deli- 
cate marks  as  the  tracks  of  spiders  and  small  lizards.  I  noticed 
also  that  portions  of  this  ripple-marked  fioor  which  had  not  been 
recently  disturbed,  was  of  a  slightly  different  color  from  newly 
exposed  sand.  It  struck  me  at  the  time,  that  sand  might  easily 
be  blown  over  this  smooth  surface  without  disturbing  it,  and 
should  it  lie  there  long  enough  to  become  rock,  this  first  sur- 
face would  form  a  natural  line  of  separation  between  the  strata, 
having  every  appearance  of  an  old  ripple-marked  beach  perhaps 
containing  impressions  and  delicate  fossils,  when  in  fact  no 
water  had  been  near  it,  and  the  wind  alone  was  accountable  for 
the  whole. — ^Ernest  Ingersoll. 


MICBOSCOFY. 

Double  Staining  op  wood  and  other  Vegetable  Sections. 
— I  have  lately  discovered  that  benzole  fixes  the  anilines  when 
they  are  used  in  staining  vegetable  and  animal  tissues.  It  not 
only  instantly  fixes  any  aniline  color  in  vegetable  tissues,  but 
alto  renders  them  as  transparent  as  oil  of  cloves. 

Finding  that  benzole  possessed  this  property,  led  me  to  try 
double  staining  upon  sections  of  leaves  and  sections  of  wood. 
The  results  have  proved  highly  satisfactory.  I  have  found  the 
following  processes  successful: — A  section,  say  of  wood,  being 
prepared  for  dyeing,  is  put  for  five  or  ten  minutes  in  an  alcoholic 
,  solution  of  "  Boseine  Pure"  (Magenta),  one-eighth  or  one-quarter 
of  a  grain  to  the  ounce.  From  this  it  is  removed  to  a  solution  of 
"  Nicholson's  Soluble  Blue  Pure,"  one  half-grain  to  the  ounce  of 
alcohol,  acidulated  with  one  drop  of  nitric  acid.    In  this  it  should 
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be  kept  for  .thirty  or  ninety  aecondSy  rarely  longer.  It  should  be 
frequently  removed  with  the  forceps  during  this  period,  and  held 
to  the  light  for  examination,  so  that  the  moment  for  final  removal 
and  putting  into  benzole  be  not  missed.  After  a  little  practice 
the  eye  will  accurately  determine  the  time  for  removal. 

Before  placing  the  object  in  benzole  it  is  well  to  hold  it  in  the 
forceps  for  a  few  seconds,  letting  the  end  touch  some  clean  surface, 
that  the  dye  may  drip  off,  and  the  object  may  become  partially 
diy.  By  doing  this,  fewer  particles  of  insoluble  dye  rise  to  the 
surface  of  the  benzole,  in  which  the  brushing  is  done  to  remove 
foreign  matter.  The  object  should  then  be  put  into  clean  benzole. 
In  this  it  may  be  examined  under  the  glass.  If  it  is  found  that 
it  has  been  kept  in  the  blue  too  short  a  time,  it  should  be 
thoroughly  dried,  and,  after  dipping  in  alcohol,  be  returned  to  that 
dye.  If  a  section  of  leaf  or  other  soft  tissue  be  under  treatment, 
it  should  be  put  in  turpentine  or  oil  of  junipei^  as  they  do  not 
contract  so  much  as  benzole. 

When  haematoxylon  is  used  instead  of  magenta,  it  is  followed 
by  the  blue  as  just  described.  As  neither  of  these  dyes  comes  out 
in  alcohol  or  in  oil  of  cloves,  the  section  may  be  kept  in  the 
former  for  a  short  time  before  placing  in  the  latter. 

The  hsBmatoxylon  dye  I  prefer  is  prepared  by  triturating  in  a 
mortar  for  about  ten  minutes  two  drachms  of  ground  Campeachy 
wood  with  one  ounce  of  absolute  alcohol,  setting  it  aside  for 
twelve  hours,  well  covered,  triturating  again  and  filtering.  Ten 
drops  of  this  are  added  to  forty  drops  of  a  solution  of  alum ; 
twenty  grains  to  the  ounce  of  water.  After  one  hour  the  mixture 
is  filtered. 

Into  this  the  section,  previously  soaked  in  alumrwater,  is  placed 
for  two  or  three  hours,  or  until  dyed  of  a  moderately  dark  shade. 
When  dyed  of  the  depth  of  shade  desired,  which  is  determined  by 
dipping  it  in  alum-water,  the  section  is  successively  washed  for  a 
few  minutes  each,  in  alum-water,  pure  water  and  fifty  per  cent, 
alcohol.  Finally  it  is  put  in  pure  alcohol  until  transferred  to  the 
blue. 

Carmine  and  aniline  blue  produce  marked  stainings,  but  they 
are  rather  glaring  to  the  eye  under  the  glass.  I  use  an  ammoniacal 
solution  of  the  former,  double  the  strength  of  Beale's,  substituting 
water  for  glycerine.  In  this  a  section  is  kept  for  several  hours. 
On  removal  it  should  be  dipped  in  water,  and  then  put  for  a  few 
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minutes  in  alcohol  addalated  with  two  per  cent,  of  nitric  acid ; 
then  in  pure  alcohol ;  then  in  the  half-grain  blue  itolution  before 
spoken  of,  from  which  it  should  be  removed  to  alcohol ;  then  to 
oil  of  cloves.  Much  color  will  be  lost  in  the  acid  alcohol.  The 
acid  is  to  neutralize  the  ammonia,  which  is  inimical  to  aniline  blue. 
Magenta  aniline  or  hsematoxylon  may  be  used  with  green  instead 
of  blue  aniline.  The  brand  of  green  I  prefer  is  the  iodine  brand, 
one  grain  to  the  ounce  of  alcohol. 

Double  stainings  of  sections  of  leaves  in  which  red  is  first  used, 
have  the  spiral  vessels  stained  this  color,  other  parts  being  purple 
or  blue.  Radial  and  tangenital  sections  of  wood  have  the  longi- 
tudinal woody  fibres  red,  and  other  parts  purple  or  blue. 

This  selection  of  color  is,  I  think,  due  to  the  fact  that  spiral 
vessels  and  woody  fibres  take  up  more  red  than  other  parts,  and 
are  slower  in  parting  with  it.  The  blue,  therefore,  seems  first  to 
overcome  the  red  in  parts  where  there  is  less  of  it.  It  will  en- 
tirely overcome  the  red  if  sufficient  time  be  given. 

If  the  blue  be  used  before  the  magenta  aniline,  the  selection  of 
color  is  reversed. 

I  would  here  call  special  attention  to  the  importance  of  examin- 
ing these  stainings  at  night,  as  the  red  in  them  has  a  trace  of  blue 
in  it  which  does  not  show  at  that  time,  but  comes  out  so  decidedly 
by  daylight,  as  to  change,  even  spoil,  the  appearance  of  the  spec:- 
imen. 

I  think  they  should  be  mounted  in  Canada  balsam,  softened 
with  benzole,  as  the  presence  of  the  latter  may  be  beneficial  in 
preserving  its  magnets. 

I  would  offer  a  few  words  upon  section-cutting,  and  upon  pre- 
paring sections  for  dyeing. 

To  cut  a  thick  leaf,  place  a  bit  of  it  between  two  pieces  of 
potato  or  turnip,  and  tie  with  a  string.  Cuts  may  be  made  along 
the  midrib,  or  across  it,  including  a  portion  of  leaf  on  either  side, 
or  through  several  veins.  Fine  shavings  of  wood  may  be  used, 
or  pieces  rubbed  down  on  hones. 

Sections  of  leaves  may  be  decolored  for  staining  by  placing  for 
some  time  in  alcohol;  but  I  would  recommend  the  use  of 
Labarraque's  solution  of  chlorinated  soda,  for  a  few  hours  after  the 
alcohol.  Especially  do  I  recommend  the  Labarraque  for  all  kinds 
of  wood.  In  twelve  hours  wood  is  generally  bleached ;  too  long 
a  residence  in  it  will,  however,  often  cause  it  to  fall  in  pieces. 
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After  remoYing  Arom  the  soda,  wash  through  a  period  of  twelve 
or  eighteen  hours  in  half  a  dozen  waters,  the  third  of  which  may 
be  acidulated  with  about  ten  drops  of  nitric  acid  to  the  ounce, 
which  add  must  be  washed  out.  Next. put  in  alcohol,  in  which 
sections  and  also  leaves  may  be  kept  indefinitely,  ready  fordyeing* 

Magenta,  when  used  for  leaves,  should  be  of  the  strength  of 
one-eighth  or  one-quarter  of  a  grain  to  the  ounce  of  alcohol,  and 
purples  and  iodine-green  two  or  three  times  as  strong.  These 
anilines  are  inferior  to  the  blue  in  bringing  out  all  the  anatomical 
parts  of  a  leaf,  including  the  beautiful  crystals  so  <^ten  met  with. 
On  removal  fcom  the  dye,  leaves  should  be  thoroughly  brushed 
with  camel-hair  pencils. 

One  week,  instead  of  forty-eight  hours,  is  frequently  required 
to  effect  the  decoloration  of  large  leaves  in  chlorinated  soda,  even 
when  they  are  cut  into  several  pieces,  which  is  advisable* 

Mr.  L.  B.  Peet,  of  this  city,  whose  stainings  in  aniline  are  un- 
surpassed for  beauty,  thinks  better  results  are  attained  by  com- 
mencing with  a  weak  dye,  say  from  one-twentieth  to  one-twelfth 
of  a  grain,  and  slowly  increasing  the  strength  of  the  dye,  at  in- 
tervals of  flrom  one  to  three  hours,  until  the  required  hue  is  ob- 
tained. This  process  certainly  guards  against  too  deep  staining^ 
and  may  give  a  finer  tone  to  leaves  under  the  glass. — Geo.  D. 
Bbattt,  M.D.,  BdUimorej  in  Sdence^Goasip* 

NOTES. 

Amebicak  Association  ton  the  Advancement  of  Science. — 
The  24th  meeting  of  the  Association  will  be  held  in  Detroct,  Mich., 
beginning  on  Wectnesday^  August  11,  next.  The  circular  of  the 
Permanent  Secretary  states  that  the  headquarters  of  the  Associa- 
tion will  be  at  the  Russell  House,  on  Monday  and  Tuesday  preced- 
ing the  meeting,  and  on  Wednesday  and  the  following  days  at  the 
City  Hall  and  Court  House,  where  the  general  and  sectional  sessions 
will  be  held,  and  where  the  Association  will  be  well  accommodated. 
The  citizens  of  Detroit  have  formed  a  lai^  working  local  com- 
mittee, comprising  nearly  two  hundred  of  the  leading  citizens,  with 
the  Governor  of  the  State  as  Chairman,  and  we  are  assured  that 
everything  possible  will  be  done  to  make  tiie  meeting  a  successful 
One  so  far  as  the  local  arrangements  are  concerned,  while  the 
e±traordinary  interest  taken  In  the  last  meeting  by  the  members 
indicates  that  the  scientific  element  of  tiie  next  meeting  will  be 
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well  sustained.  The  election  of  all  the  important  officers  a  year 
in  advance  will  not  only  saye  much  time  in  organizing  the  Detroit 
meeting  bat  will  also  secure  special  addresses  from  the  presiding 
officers  of  the  sections,  similar  to  those  which  make  so  important 
a  part  of  the  proceedings  of  the  British  Association. 

At  an  early  date  the  Local  Committee  will  issue  their  circular 
to  members  of  the  Association,  giving  details  relating  to  the 
arrangements  made  for  the  accommodation  of  members  while  in 
Detroit,  and  such  other  information  as  may  be  of  interest  to  those 
intending  to  be  present  at  the  meeting,  including  any  facilities 
offered  by  the  railroads,  reduction  of  hotel  prices,  contemplated 
excursions,  etc.  In  order  to  receive  the  circular  of  the  Local 
C!ommittee  without  fail,  it  is  desired  that  all  persons  now  planning 
to  attend  the  meeting  should  send  their  addresses  to  Frederick 
Woolfenden,  Esq.,  Secretary  of  the  Local  Committee,  Detroit. 

Professor  F.  W.  Clarke  of  Cincinnati,  appointed  by  the  Chemical 
Subsection  of  the  Hartford  Meeting  to  notify  chemists  of  the 
organization  of  a  Permanent  Subsection  of  Chemistry^  requests 
that  attention  be  called  to  the  fact  that  the  subsection  is  a  perma- 
nent organization,  and  states  that  the  general  interest  awakened 
among  the  chemists  indicates  a  large  gathering  at  Detroit  of  those 
specially  interested  in  that  department. 

The  attention  of  persons  specially  interested  in  Entomology  is 
directed  to  the  action  taken  by  the  Entomologists  at  the  Hartford 
meeting,  and  to  the  fact  that  there  will  be  a  meeting  of  the  En- 
tomological Club  of  the  Association  at  Detroit,  on  Tuesday, 
August  10  (the  day  preceding  the  meeting  of  the  Association), 
at  which  all  interested  are  invited  to  be  present. 

It  was  also  suggested  at  the  last  meeting  that  special  efforts  be 
made  to  bring  the  Ethnologists  and  Archaeologists  together  at 
Detroit  in  order  to  form  a  permanent  subsection  of  Anthropology, 
and  it  is  probable  that  definite  action  will  be  taken  on  the  subject 
at  the  coming  meeting. 

Any  person  may  become  a  member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination 
by  the  Standing  Committee,  and  election  by  a  majority  of  the 
members  and  fellows  present  in  general  session.  Blank  forms  for 
recommendation  to  membership,  and  also  copies  of  the  general  cir- 
cular, will  be  furnished  on  application  to  F.  W.  Putnam,  Perma- 
nent Secretary,  Salem,  Mass. 
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The  followiDg  are  the  Oflacers  of  the  Detroit  Meeting : — ^Presi- 
dent, J.  E.  Hilgard,  of  Washington ;  Vice-President,  Section  A, 
H.  A.  Newton,  of  New  Haven ;  Vice-President,  Section  B,  J.  W. 
Dawson,  of  Montreal ;  Chairman  of  Chemical  Subsection,  S.  W. 
Johnson,  of  New  Haven ;  Permanent  Secretary,  F.  W.  Putnam, 
of  Salem ;  General  Secretary,  S.  H.  Scudder,  of  Cambridge ;  Sec- 
retary of  Section  A,  S.  P.  Langley,  of  Alleghany,  Pa. ;  Secretary 
of  Section  B,  N.  S.  Shaler,  of  Newport,  Ky.;  Treasurer,  W.  S. 
Vaux,  of  Philadelphia. 

Standing  Committee : — Past  Presidents,  Wm.  B,  Rogers,  of  Bos- 
ton ;  Joseph  Henry,  of  Washington ;  Benjamin  Peirce,  of  Cam- 
bridge ;  J.ames  D.  Dana,  of  New  Haven ;  James  Hall,  of  Albany ; 
Alexis  Caswell,  of  Providence ;  Stephen  Alexander,  of  Princeton ; 
Isaac  Lea,  of  Philadelphia ;  F.  A.  P.  Barnard,  of  New  York ;  J. 
S.  Newberry,  of  New  York ;  B.  A.  Gould,  of  Boston ;  T.  Sterry 
Hunt,  of  Boston ;  Asa  Gray,  of  Cambridge ;  J.  Lawrence  Smith, 
of  Louisville;  Joseph  Lovering,  of  Cambridge;  the  President, 
Vice-Presidents,  Secretaries,  and  Treasurer  of  the  Detroit  Meet- 
ing. As  Officers  of  the  Hartford  Meeting,  John  L,  LeConte,  of 
Philadelphia ;  C.  S.  Lyman,  of  New  Haven ;  A.  C.  Hamlin,  of 
Bangor ;  from  the  Association  at  large.  Six  Fellows  to  be  elected 
on  the  first  day  of  the  meeting. 

Local  Committee: — Chairman,  His  Excellency,  Governor  John 
J.  Bagley ;  Treasurer,  William  A.  Butler,  Esq. ;  Secretary,  Fred- 
erick Woolfenden,  Esq. ;  also  special  sub-committees  on  Recep- 
tion, Rooms,  Excursions,  Entertainment,  Printing,  etc. 

Bulletin  No  2,  second  series  of  Hayden's  geological  and  geo- 
graphical Survey  of  the  Territories  was  issued  May  14th  by  the 
Department  of  the  Interior.  It  contains  important  papers  as 
follows : — I,  Monograph  of  the  genus  Leucosticte,  Swainson  ;  or, 
Gray-crowned  Purple  Finches,  by  Robert  Ridgway.  II,  The  cra- 
nial and  dental  characters  of  Geomydae,  by  Dr.  Elliott  Coues. 
m.  Relations  of  Insectivorous  Mammals,  by  Theodore  Gill.  IV, 
Report  on  the  Natural  History  of  the  United  States  Geological 
and  Geographical  Survey  of  the  Territories,  1874,  by  Ernest 
Ingersoll. 

This  was  followed  on  the  next  day  by  a  third  Bulletin,  being  a 
"Top<^aphical  and  Geological  Report  on  the  San  Juan  Country" 
by  A.  D.  Wilson,  the  topography  illustrated  by  a  map ;  with  a 
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second  top<^aphi<ial  report,  and  a  most  entertaining  narrative  it 
is,  by  Franklin  Rhoda,  assistant  topographer.  This  is  illustrated 
by  characteristic  panoramic  views  of  Mt.  Sneffles  and  adjoining 
mountains,  and  of  the  qiiartzite  peaks  seen  in  looking  across  the 
great  canon  of  the  Animas.  These  reports  and  two  heliotypes  of 
the  eroded  rocks  of  Colorado,  with  im  explanatory  note  by  Prof. 
Hayden,  the  Geolc^st  in  charge,  render  this  a  most  timely  issue, 
of  value  to  miners. 

As  a  result  of  the  institution  of  the  Anderson  School  of  Nat- 
ural History  at  Penikese  Island,  we  are  gratified  to  see  the  estab- 
lishment of  a  similar  school  in  Normal,  Illinois. 

Arrangements  have  been  completed  for  a  summer  meeting  of 
the  association  of  Natural  History  of  Blinob,  for  the  study  of 
botany  and  zoology,  to  be  held  at  the  museum  at  Normal,  Illinois, 
commencing  July  14th,  and  continuing  until  August  11th. 

The  following  gentleman  have  been  engaged  as  instructors  for 
the  term :— Prof.  B.  G.  Wilder,  Prof.  W.  S.  Barnard,  Ph.D.,  Prof. 
T.  J.  Burrill,  Prof.  Comstock,  and  Prof.  S.  A.  Forbes. 

It  is  found  necessary  to  limit  the  attendance  to  fifty  students ; 
but,  within  this  limit,  the  class  will  be  open  to  the  teachers  of  tbe 
State.  It  is  desirable  that  all  names  should  be  sent  to  the  com- 
mittee by  the  fifteenth  of  June. 

A  part  of  the  expenses  of  the  session  will  be  defrayed  by  a  tui- 
tion fee  of  ten  dollars  for  each  student ;  the  remainder  have  al- 
ready been  provided  for  through  the  generosity  of  friends. 

The  school  is  to  be  conducted  by  the  executive  committee  of 
the  association.  We  hope  to  see  similar  schools  forming  next 
year,  at  least  one  for  each  section  of  the  country. 

The  Zoological  Garden  at  Philadelphia  is  rapidly  increasing  its 
collection  of  American  and  exotic  animals.  Mr.  Goode  has  re- 
cently brought  from  Florida,  according  to  "The  Rod  and  the 
Gun,"  one  hundred  and  thirty-two  specimens  representing  thirty- 
two  species,  distributed  as  follows :  mammals,  five  species ;  birds, 
one ;  lizards,  four ;  serpents,  sixteen ;  turtles,  five ;  amphibians, 
one.  A  number  of  Florida  wild  hogs  have  been  eng^ed  and 
negotiations  are  in  progress  for  some  manatees  from  the  Indian 
River  country. 

Lr.  WfiBiaAA's  Prepress  Report  upon  geographical  and  geolog- 
ical exploraUons  and  surveys  west  of  the  one  hundredth  meridian 
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in  1872  has  been  lately  issued.  It  is  a  quarto  pamphlet  of  fifty- 
six  pages,  and  is  illustrated  with  four  excellent  heliotypes  of  the 
striking  scenery  of  the  canon  of  the  Colorado,  and  with  maps, 
including  a  progress  map  of  explorations  and  surveys  conducted 
by  the  War  Department.  Appended  are  reports  of  the  other 
officers  and  civilians  connected  with  the  survey.  We  shall  look 
with  interest  for  the  appearance  of  the  final  report  of  the  survey. 

Db.  Gill's  ^'  Catalogue  of  the  Fishes  of  the  East  Coast  of  North 
Amierica"  which  originally  appeared  as  an  Appendix  to  Prof. 
Baird's  Report  on  the  Fish  and  Fisheries  of  the  United  States, 
has  been  republished  by  the  Smithsonian  Institution. 

The  importation  into  Finland  or  any  portion  of  Bussian  terri- 
tory of  American  potatoes,  or  sacks,  cases,  or  any  other  articles, 
which  have  contained  them  is  prohibited.  We  suppose  on  account 
of  the  fear  of  introducing  the  Colorado  potato  beetle. 

The  "  San  Diego  Lyceum  of  Natural  Sciences "  was  organized 
at  San  Diego  Cal.,  in  1873.  The  officers  for  1875  are  Dr.  R.  J. 
Gregg,  President^  and  George  N.  Hitchcock,  Secretary. 

"The  Vineland  Natural  History  Club,"  with  about  twenty-five 
members,  was  organized  at  Vineland,  N.  J.,  March  25,  under  the 
Presidency  of  Mr.  D.  F,  Morrill. 

The  "Nebraska  Association  for  the  Advancement  of  Science" 
has  been  established  at  North  Platte,  Nebraska.  I.  W.  LaMunyon 
is  President,  and  A.  H.  Church,  Secretary. 

Db.  John  Edward  Gbat,  late  keeper  of  the  zoological  depart- 
ment of  the  British  Museum,  died  March  21st,  at  London,  aged  75. 
He  was  the  leading  editor  of  the  "Annals  and  Magazine  of  Nat- 
ural History." 

Prof.  Marsh  has  secured  for  the  museum  of  Yale  College,  a 
perfect  skeleton  of  the  mastodon  lately  exhumed  at  Otisvllle, 
Orange  Co.,  N.  Y. 

Prof.  F.  V.  Hatden  has  been  elected  a  corresponding  member 
of  the  Geological  Society  of  London. 

Prof.  Ctrus  Thomas  has  been  appointed  State  Entomologist 
Illinois. 

The  Anderson  School  at  Penikese  has  been  discontinued  for 
the  present  season,  for  want  of  ftmds. 
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The  library  of  Audubon  was  destroyed  by  fire  April  29th  at 
Shelbyville,  Ky.  It  was  in  the  house  of  Mrs.  Lucy  Bakewell,  the 
sister-in-law  of  Mr.  Audubon.  The  collection  consisted  of  about 
eight  hundred  volumes. 
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The  vegetable  life  of  Illinois  presents  many  points  of  general 
interest,  and  these  are  nowhere  else  so  j^rominent  or  peculiar  as 
over  the  broad,  level  tracks  of  moist  land  so  often  bordering  the 

large  streams  of  the  West.    These  lowlands  or,  as  locally  t "■ 

"bottom  lands"  or  "river  bottoms,*'  are  of  veiy  variable 
their  limits  being  determined  for  each  stream  by  the  char 
the  region  through  which  it  takes  its  course.  In  one  pari 
river  they  are  many  rods  in  width  and  follow  it  for  miles ; 
other  they  are  narrow  and  soon  end,  and  again  they  are 
wanting,  as  when  bluffs  come  to  the  water's  edge  and  fori 
or  gravelly  banks.  This  is  finely  illustrated  in  Northern  ] 
where  along  the  Mississippi  are  high  banks  with  many 
cropping  cliff  of  Galena  or  Niagara  limestone.  These  clil 
weathered  into  forms  so  strangely  like  half-ruined  fortress 
it  is  not  easy  to  believe  that  yonder  bit  of  wall,  half  conce 
vines  and  shrubs,  this  crumbling  turret,  or  those  broken 
ments,  are  but  rough  masses  of  rock.  In  passing  from 
treme  northern  part  of  the  state  southward,  we  find  the 
uneven  surface  growing  smoother  and  more  like  a  rolling 
which  it  finally  becomes,  and  this  in  turn  giving  place  to  tl 

Entered,  aiocordlng  to  Act  of  Oongrc««,  in  the  year  187t.  by  the  Pkabodt  Acj 
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level  of  the  flat  prairie ;  yet  the  greater  part  of  the  northern  third 
of  the  Btate  is  far  fh>m  level,  and  the  river  bottoms,  though  often 
extending  one  or  two,  and  in  some  places,  five  miles  from  the 
Mississippi,  are  not  infrequently  broken  up  by  highlands.  Nearer 
the  centre  of  the  state  these  lowlands  are  wider  and  less  inter- 
rupted in  their  extent.  From  Bock  Island  to  Quincy,  and  even 
still  farther  south,  for  a  distance  of  over  two  hundred  miles,  blufb 
do  not  form  the  shores  of  the  Mississippi,  except  at  intervals 
widely  separated  and  for  short  distances.  In  many  places  the 
banks  are  formed  simply  of  the  washed  out  edges  of  great  prairies 
that  extend  for  many  miles  into  the  state.  Often  while  the  banks 
themselves  are  low,  at  varying  distances  from  the  water  the 
ground  rises  in  rounded  hillocks  or  ridges,  or  masses  of  limestone 
Jut  out  above  the  surface  and  form  sharp  cliffs,  all  known  under 
the  general  name  '^  bluff."  Between  the  bluffs  and  the  river  the 
ground  is  generally  low,  moist  and  often  swampy.  Such  lowlands 
along  the  great  river  are  firom  a  few  rods  to  ten  miles  in  width 
and,  of  course,  many  more  in  length.  Similar,  though  less  ex- 
tensive lowlands,  are  found  along  Bock  Biver,  Illinois  Biver  and 
other  lesser  streams,  and  along  the  Iowa  side  of  the  Mississippi. 
Not  all  of  these  river  bottoms  are  swampy,  some  are  reached  only 
by  unusually  great  freshets  and  are  veiy  valuable  as  farm  lands, 
the  soil  being  the  richest  loam,  others,  but  little  elevated  above 
the  usual  level  of  the  water,  are  overflowed  by  every  rise  and  may 
be  not  only  swampy  but  dotted  here  and  there  with  ponds,  some 
of  which  are  of  quite  large  size.  Sometimes  these  ponds  unite, 
retain  a  permanent  connection  with  the  stream  and,  at  low  water, 
flow  towards  it  with  a  slow  current,  forming  what  are  called  '*  run- 
ning sloughs."  Wherever  the  lowlands  are  flooded  only  at  long 
intervals,  or  only  every  spring,  when  the  stream  is  at  its  highest 
level,  they  are  usually  covered  with  forests  which  are  made  up  of 
trees  of  large  size  and  are  singularly  f^ee  Arom  undergrowth.  In 
midsummer,  after  the  spring  floods,  when  the  ground  has  dried,  a 
carriage  may  be  driven  through  these  forests  for  miles  with  very 
little  inconvenience  firom  bushes,  or  indeed  f^om  any  obstacle.  It 
is  not  easy  to  imagine  such  forests  as  ever  formed  of  young  trees, 
they  seem  to  have  always  been  large  and  old  and  stately  as  now. 
True  temples  of  nature  are  they — the  ground  smooth  and  turf- 
covered  as  if  carefully  prepared  for  crowds  of  worshippers — the 
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grandly  rugged  colaoms  cf  oa^^  maple,  cottonwood^  sycamore  and 
many  others,  reaching  far  up  io  the  leafy  avches  of  the  roof— the 
profound  silence  brooding  over  all,  call  the  soul  to  humble  adora^ 
tion  of  the  great  Father  <^  alL  Except  the  occasional  chatter  of  a 
squirrel,  the  tremulous,  half  lightened  twitta:  of  »  bird,  or  the 
monotonous  hum  of  an  insect,  scarce  a  sound  is  heard  above  the 
rustling  of  leaves,  murmur  of  wind,  or  creaking  of  interlocking 
branches,  sounds  all  ai  them  only  serving  to  make  the  silence 
seem  the  more  profound.  Undevout  and  inappreciative  indeed 
must  be  the  heart  that  caa  resist  the  sombre  fascination  of  such  a 
place,  a  place  where,  away  from  life's  cares  and  vexations,  away 
fh>m  human  influences,  surrounded  by  mi^stic  trees,  whose  huge* 
trunks  by  their  ribbed  and  seamed  sides  tell  of  centuries  of 
growth,  while  their  tops,  green  and  leafy,  declare  that  the  mystery 
of  life  and  growth  still  goes  on  wiUi  unabated  vigor,  is  .found 
closest  communion  and  fullest  sympathy  with  nature.  But  tiiere 
are  broad  tracts  too  wet  to  afford  a  suitable  soil  for  the  growth  of 
forests.  In  such  places  only  groves  or  belts  of  woodland  are 
found.  These  cover  the  higher  portions  of  land,  while  all  around 
are  wide  marshes  covered  with  tall  reeds,  sedges  and  grasses,  and 
lowest  parts  filled  by  ponds. 

After  the  high  water  of  spring  has  subsided,  the  ponds  are  bord- 
ered by  a  belt  of  mud  or  sand,  over  which  crawl  hosts  of  Palu- 
dinas,  LymnsBas,  Fhysas,  and  other  '^snails,"  while  just  below  the 
water's  edge  the  more  strictly  aquatic  Unios,  Anodontas,  Flanorbis 
and  the  like  are  equally  abundant,,  so  that  these  places  offer  great 
attractions  to  the  conchologist. 

Although  I  have  collected  firesh  water  shells  in  many  localities, 
I  have  never  secured  so  rich  a  harvest  of  some  of  the  larger  spe- 
cies as  in  some  of  these  sloughs.  And  specimens  are  not  only 
abundant,  but  of  large  size  and  with  unusually  bright  colors.  Nor 
are  these  localities  less  inviting  to  the  ornithologist.  Quite  a 
number  of  species  of  birds  find  in  them  a  congenial  home  and 
abundant  food,  ducks  in  the  water,  and  plovers,  herons  and  the 
like  along  the  margins  of  the  ponds,  and  in  thd  rank  growth  of 
sedges  and  grasses,  or  tha  copses  of  button-bush  which  afford 
them  shelter,  many  a  thrush  and  warbler,  while,  over  all,  like  an 
untoward  fate,  hovers  the  bird  of  prey.  Passing  these  attriictions, 
interesting  as  they  are,  without  further  notice,  let  us  now  devote 
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ourselyes  to  a  study  of  the  botanical  characteristics  of  the  region. 
From  early  summer  until  late  autumn  many  a  rare  and  beautiful 
flower  is  here  seen.  Perhaps  the  finest  display  is  in  late  summer, 
when,  over  the  higher  borders  of  the  marshes,  where  the  lowland 
rises  to  meet  the  upland  prairie,  grow  hosts  of  purple  phloxes, 
mints,  pentstemons  and  many  other  species,  while  here  and  there, 
towering  high  over  all  the  rest,  are  seen  superb  clusters  of  the 
rose-pink  Spircsa  lobata^  well  called  "queen  of  the  prairie."  On 
lower  ground  and  in  more  moist  soil,  are  several  species  of  ger- 
ardla  with  rose-purple  flowers,  some  of  the  more  delicate  being  ex- 
ceedingly gracefdl,  the  whole  plant  covered  with  beautifully  tinted 
flowers,  being  an  airy  panicle  of  bloom.  Other  species  with  yel- 
low flowers  and  of  less  graceful  habit  are  found  on  drier  ground. 
With  these  charming  plants  are  found  bhie  lobelias,  purplish  or 
blue  veronicas,  white  chelone  and  a  large  representation  of  poly- 
gonums or  knot-grasses,  with  flowers  of  crimson,  rose,  white  or 
greenish  hues,  most  of  them  neither  very  attractive  nor  conspicu- 
ous individually,  but  when  growing  in  masses  the  effect  is  often 
very  pleasing,  and  in  the  case  of  Polygonum  amphibium  even 
brilliant,  its  deep  crimson  wands  making  many  a  pool  bright  and 
beautiful.  Much  taller  than  these  are  the  umbellifersB,  some  spe- 
cies of  which  rival  small  trees  in  size,  the  white  flower  clusters 
standing  seven  or  eight  feet  above  the  ground.  Not  infVequently 
Arom  some  darker,  shadier  nook  flashes  the  brilliant  red  of  the 
cardinal  flower,  while  just  above  the  smaller  herbs,  sometimes  like 
a  cloud  of  variegated  mist,  wave  the  panicles  of  purplish,  yellow- 
ish or  greenish  grasses  and  sedges,  the  light  green  of  the  wild  rice 
being  often  especially  noticeable.  In  the  water,  besides  many  of 
the  grasses  and  sedges,  are  found  pennywort,  several  species  of 
ranunculus,  sagittaria,  pontederia,  lemna,  azolla,  peltandra,  beauti- 
ful pond  lilies,  which  seem  to  attain  their  largest  size  in  this  re- 
gion, and  many  other  plants  of  similar  habit.  Among  these 
smaller  species,  or  by  itself  alone,  grows  the  great  nelumbium, 
giant  among  our  aquatic  plants,  of  interest  because  of  its  kinship 
with  the  Egyptian  lotus.  This  covers  many  acres,  often  extend- 
ing for  several  miles  in  great  patches.  The  large  cream-colored 
corollas,  standing  often  flve  or  six  feet  abore  the  water,  are  very 
conspicuous  and  attractive,  as  are  also  the  leaves,  their  great 
disks,  one  to  two  feet  in  diameter,  lying  on  the  surface  of  the 
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water  or  raised  somewhat  above  it.  The  upper  surface  of  these 
leaves  is  of  the  most  exquisitely  shaded,  velvety  green,  with  which 
the  much  lighter  shade  of  the  under  side  contrasts  in  a  most 
pleasing  manner.  In  the  fall  the  flowers  give  place  to  the  huge 
conical  seed  cases,  holding  in  cup-like  depressions  on  the  flat  up- 
per surface  acorn-like  seeds,  which,  in  days  gone  by,  fUmished  an 
important  article  of  food  to  the  Indians.  Not  inArequently.small 
flocks  of  ducks  are  seen  leisurely  flling  in  graceful  curves  in  and 
out  of  this  lily  forest,  and  more  rarely  a  solitary  blue  or  white 
heron  stands  dreamily  gazing  into  the  water,  or  lazily  wings  his 
way  to  the  distant  wood.  But  few  song-birds  are  found  in  mid- 
summer in  the  immediate  vicinity  of  the  large  ponds,  though  more 
common  a  little  way  fh>m  them,  and  often  the  silence  is  almost  as 
complete  here  as  in  the  great  forests,  the  only  sounds,  perhaps, 
being  the  harsh  call  of  a  hawk  or  the  sudden  splash  of  a  water  rat 
or  large  turtle.  If  a  knoll  or  other  elevated  position  can  be  gained 
a  wild  scene  often  lies  before  the  observer.  All  around  him  as  far 
as  the  eye  can  reach  Ues  the  seemingly  boundless  sea  of  waving 
grass,  the  undulating  surface  only  interrupted  now  and  then  by 
rounded  clumps  of  the  glossy-leaved  button-bush  (CepJicUanthus)^ 
or  more  rarely  by  the  tall  form  of  a  ootton-wood  or  other  tree, 
while  in  the  flEir  distance  the  sky  meets  the  moving  surface,  or  a 
belt  of  trees  forms  a  dark  wall  which  limits  the  view,  except  where 
there  are  breaks  through  which  are  glimpses  of  the  same  billowy 
expanse  stretching  on  and  on  indefinitely. 

The  state  of  Illinois  extends  from  north  to  south  over  three 
hundred  and  eighty  miles,  and  for  this  reason  would  naturally  be 
expected  to  produce  a  very  varied  flora,  as  it  certainly  does  both 
as  to  tree  and  herb. 

In  one  of  his  works  Humboldt  mentions  the  tropical  appearance 
of  the  forests  of  the  Mississippi  valley,  due  to  the  frequent  occur- 
rence of  pinnate-leaved  trees,  and  the  palmate-leaved  trees  add 
greatly  to  the  same  effect. 

In  many  of  the  forests  there  is  a  very  noticeable  absence  of  the 
higher  cryptogams,  such  as  ferns,  dub-mosses  and  mosses.  Occa- 
sionally a  great  provision  of  these  plants  is  seen,  but  often  one 
may  ride  for  hours  through  rich,  damp  woods  without  seeing  alto- 
gether more  ferns  than  could  easily  be  held  in  the  hand,  and  the 
bright,  rich  green  of  mossy  bank  or  moss-covered  rock  or  log  is  not 
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often  seen.  It  is  not  improbable  that  the  genns,  or  young  plants 
of  these  tribes  are  washed  away  and  destroyed  by  the  often  recur- 
ring IVeshets,  especially  by  the  spring  floods,  but  they  are  absent 
not  only  fh>m'  the  lowland  forests,  but  as  well  IVom  those  on  the 
uplands  where  no  freshet  ever  comes.  Here  the  drouth  of  summer 
may  destroy  them  as  too  much  moisture  does  in  the  lowlands.  If 
we  study  the  trees  alone  we  find  that  the  entire  state  affords  not 
far  from  a  hundred  distinct  species  and  varieties,  besides  about  one- 
fourth  as  many  shrubs.  It  would  be  out  of  the  question  to  men- 
tion more  than  a  few  of  the  more  important  species  here.  Of  the 
maples,  the  sugar  and  the  silver,  or  white,  are  abundant,  and  of 
large  size,  sc^netimes  reaching  a  height  of  a  hundred  and  fifty 
feet  and  a  diameter  of  eight  or  ten  feet. 

The  red  maple  so  common  in  New  England  very  rarely  occurs 
wild  in  Illinois,  so  far  as  I  can  ascertain.  The  oaks  are  repre- 
sented by  at  least  fifteen  species  and  varieties,  and  in  many  places 
form  the  greater  part  of  the  forests  and  in  new  settlements  they 
fhmish  most  of  the  building  material  in  place  of  the  lacking  pine 
and  spruce.  Of  this  f^be  the  most  abundant  and  widely  distrib- 
uted are  the  white,  red,  and  blade  oi^s.  The  bur,  swamp  and 
post  oaks,  are  common  in  some  localities,  as  are  the  pin  oak, 
chestnut  oak  and  laurel  oak,  though  they  do  not  seem  to  be  as 
universally  common  over  the  state  as  the  three  species  first  named. 
The  scarlet  oak  and  Spanish  oak  are  probably  the  least  common, 
except  Lea's  oak  which  occurs  in  Fulton  county  and  perhaps  else- 
where. Both  species  of  Nyssa  found  in  the  Northern  States  are 
common  in  Southern  Illinois  but  not  elsewhere.  The  pawpaw, 
persimmon  and  pecan  are  found  more  or  less  abundantly  over  the 
southern  two-thirds  of  the  state,  the  first  species  occurring  as  a 
second  growth  sometimes  in  considerable  quantity.  There  are  sev- 
eral species  of  trees  which  are  found  either  alone  or  in  small  groups 
or  along  the  edges  of  groves,  but  they  yery  rarely  form  groves 
by  themselves.  Those  of  this  class  which  are  most  commonly 
found  upon  moist  ground  are,  the  honey  locust,  beautiful  in  form 
and  foliage,  at  a  distance  one  of  the  most  attractive  of  trees,  but 
hideous  often  for  its  huge  clusters  of  thorns;  the  box-elder,  or 
ash-leaved  maple,  with  dro<^ing  branches  that  in  large,  solitary 
trees  sometimes  almost  touch  the  ground,  and  in  one  or  two  such 
specimens  I  have  seen  almost  perfectly  r^ular  domes,  the  base  of 
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each  nearly  touching  the  groand ;  the  buckeyes,  which  are  very 
beautifhl  trees,  the  black  walnut,  battemnt,  uid  larger  than  any  of 
thoee  mentioned,  rivalling  the  very  largest  of  all  oar  trees,  the  syca- 
more and  tulip-trees,  and  more  rarely  in  the  southern  part  of  the 
state  two  small  trees,  the  two  species  of  BumeUa  or  southern  buck- 
thorn. Besides  the  maples  and  oaks  some  of  the  largest  trees  found 
in  niinois  are  the  cotton^wood,  linden,  red,  green,  blue,  white  and 
black  ash,  wild  cherry,  the  various  species  of  CW^yo,  the  American 
and  red  elm  and  some  others.  Many  of  these  trees  are  found  of 
very  much  larger  size  than  is  common  in  our  New  England  forests, 
especially  such  as  grow  on  the  bottom  lands.  Here  maples,  syca- 
mores, cottonwoods,  etc.,  ih>m  a  hundred  to  a  hundred  and  fifty 
feet  in  height,  and  six  to  ten  feet  diameter  at  the  ground  are  not 
uncommon,  and  now  and  then  those  dimensions  are  considerably 
exceeded.  Even  the  sassafras,  which  in  New  England  is  a  small 
tree,  sometimes  grows  to  a  height  of  seventy  feet.  This  species 
I  have  seen  spring  up  as  a  second  growth  and  so  completely  cover 
several  acres  as  to  exclude  almost  every  other  tree  or  shrub.  The 
willows  are  well  represented  all  over  the  state,  though  I  have  never 
seen  them  covering  very  wide  tracts,  as  in  some  parts  of  the 
country.  Both  on  the  lowlands  along  the  borders  of  small 
streams,  and  on  the  upland  prairies  the  wild  plum  is  common,  and 
in  similar  localities  clumps  of  wild  apple  are  found.  Both  of  these 
trees  are  very  beauUAil  when  in  bloom,  especially  when  together, 
the  pure  white  of  the  plum  and  the  pink  of  the  apple  blending 
finely  while  the  delicious  fhigrance  of  the  latter  perfUmes  the  air 
far  and  near.  The  birch,  so  commonly  found  in  New  England 
woods,  is  rarely  found  in  Illinois,  and  only  one  species,  the  red 
birch,  is  found  at  all.  Evergreens,  which  constitute  so  marked  a 
feature  in  many  landscapes,  are  often  wholly  wanting  in  Illinois 
scenery^  The  red  cedar  is  found  sparingly  in  many  parts  of  the 
state,  and  on  rocky  ridges  in  the  Northern  counties  the  white 
cedar  grows.  Sometimes,  too,  the  white  pine  and  dwarf  juniper 
are  seen.  One  more  species  completes  the  list  of  conifers,  the 
bald  cypress,  which  grows  along  the  Ohio  and  Mississippi,  in  the 
Southern  counties  where  it  occupies  great  swamps,  its  straight 
trunk  towering  for  a  hundred  and  fifty  feet  above  the  ground. 
This  tree  is  very  valuable  for  timber,  though  fh>m  its  habits  and 
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place  of  growth  it  is  not  as  easily  obtained  in  large  qnantities  as 
trees  growing  in  drier  soil,  and  without  its  sometimes  almost  im- 
passible barricade  of  rdots,  arching  and  twisting  above  the  surface 
of  the  swamp,  and  amid  these  the  massive  trunks  of  fallen  trees. 

Grand  indeed  are  many  of  these  old  trees  in  their  rugged  bark 
and  the  green  and  gray  of  moss  and  lichen,  while  some  are  not 
only  grand  but  very  beautiful  as  they  are  overhung  with  delicate  or 
heavy  arabesques  of  clinging  vines  that  sometimes  hide  completely 
the  rudeness  of  their  support,  and  sometimes  but  partly  cover  it, 
while  making  that  which  is  not  concealed  all  the  ruder  as  it  con- 
trasts with  their  own  grace.  There  are  many  more  species  of 
twining  plants  and  vines  growing  wild  in  Illinois  than  in  New 
England,  and,  as  with  the  trees,  so  with  the  vines,  our  familiar 
friends  are  so  IsCtge  and  luxuriant  that  we  scarcely  recognize  them. 
The  poison  ivy,  Yii^ia  creeper,  or  woodbine,  and  wild  grape  are 
all  found  there  and  are  largest  of  the  vines.  They  often  com- 
pletely cover,  not  only  the  shaft  of  a  tree,  but  its  top  a»  well, 
sometimes  so  tightly  embracing  their  support  as  to  destroy  it. 
They  reach  the  very  top  of  the  highest  trees,  and  are  found  with 
stems  a  foot  or  more  in  diameter  near  the  ground.  Not  always 
do  these  climbers  cover  and  destroy  green  and  living  trees,  often 
their  fullest  beauty  is  reached  as  they  drape  the  naked,  seared 
trunk  from  which  life  has  long  since  gone,  thus  changing  the  un- 
sightly and  uncouth  into  noble  shafts  of  living  green.  Besides 
these  giant  vines  there  are  many  smaller  and  more  delicate.  Some 
of  these,  as  the  wild  yam,  moonseed,  hop,  four  or  five  species  of 
smilax,  or  greenbrier,  and  other  allied  forms  which  are  beautifUl 
for  the  green  of  their  foliage  and  attractive  mode  of  growth,  but 
with  inconspicuous  flowers,  fill  many  a  thicket  with  masses  of  tan- 
gled cords.  Others  have  the  double  beauty  of  foliage  and  flowers, 
the  grace  of  pendant  branch  and  twining  stem  being  completed  in 
the  more  splendid  charm  of  clusters  of  flowers.  Chief  of  these, 
as  it  is  chief  of  all  our  native  vines,  is  the  Wistaria,  found  native 
in  Southern  Illinois.  Superb  is  this  vine  when  of  large  size  and 
in  the  full  glory  of  bloom,  the  large  clusters  of  rich  purple  flowers 
hanging  thickly  over  the  soft  green  of  the  leaves.  Yet  more 
showy,  though  less  elegant,  is  the  Bignonia,  or  trumpet  creeper,  as 
its  clusters  of  orange  buds  and  flowers  gleam  like  some  bright 
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fruit  from  amid  the  branches  of  a  tall  tree  <h*,  onexpeotedly  flash 
out  from  the  interlaciDg  branches  of  the  thickets  in  whidi  it  loves 
so  well  to  grow.  Less  showy  climbers  and  of  smaller  size  are. 
several  species  of  clematis,  the  wild  passion-flower,  cypress, 
morning-glory,  and  all  the  rest,  each  with  its  own  peculiar  beauty 
of  flower  or  leaf,  sometimes  growing  alone,  sometimes  intertwined 
about  the  same  tree  with  several  others,  uniting  their  various  hues, 
t^e  charms  of  each  brightened  by  those  of  the  others  and  all 
forming  a  variegated,  harmoniously  tinted  mass  delightful  to  see. 
In  the  dreamy  midsummer  when  all  nature's  influences  incline  to 
reverie  and  repose,  no  place  can  be  more  fascinating  than  the  wild 
regions  of  which  we  have  been  speaking.  More  than  elsewhere  in 
the  shaded  walks  of  the  ancient  forests,  is  there  a  coolness  and 
freshness  most  grateAil  to  the  body,  and  a  freedom  from  care,  a 
retirement  and  a  restfblness,  as  gratefbl  and  soothing  to  the  mind. 
Not  those  who  have  flitted  hither  and  thither  over  the  railroads  of 
the  West,  not  even  those  who  have  sailed  on  its  great  rivers,  have 
an  adequate  idea  of  the  peculiar  modes  in  which  nature  expresses 
herself  in  those  regions,  but  only  to  those  who  have,  alone  and  on 
foot,  wandered  for  miles  and  miles  amid  the  forests,  over  the 
plains,  through  the  marshes,  held  by  the  love  of  nature,  is  it  given 
to  know  her  in  her  friendliest  moods. 


THE  POTTERY  OF  THE  MOUND  BUILDERS. 

BY   F.   W.  PUTMAH. 
[Conoladed  Arom  June  Number.] 


Nos.  7759,  7760,  7787,  7788,  7789,  7790,  7791  and  7792  are 
water  Jars  of  various  sizes  and  shapes,  as  shown  in  the  four  figures 
illustrating  this  group.  7759  differs  from  the  others  hy  being  con- 
stricted in  its  upper  portion.  The  neck  of  this  jar  is  not  preserved, 
but  was  probably  like  the  restoration  given  in  the  figure.  The 
diameter  of  greatest  bulge  of  this  vessel  is  from  6  to  6*2  inches. 
The  constricted  portion  is  about  3*3  in  diameter,  and  the  upper 
bulge  is  *5  of  an  inch  more  than  the  constricted  part.  The 
present  height  (without  the  neck)  is  5*5  inches. 
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No.  7786  is  remarkable  for  its  flatness,  the  whole  jar  being  6*8 
in  height,  bat  one-half  of  this  is  in  the  length  of  the  neck*  This 
Jar  is  also  much  flatter  at  its  base  than  any  of  the  others, 

No.  7759. 


and  has  its  greatest  diameter  2*5  inches  from  the  bottom  where 
it  measures  C  inches.    The  upper  part  of  the  neck  is  2*3  inches 
in  diameter. 
No.  7787  is  the  most  perfect  in  finish  and  symmetrical  in  form, 


No.  7787.  No.  7788. 
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with  a  small  sized  neck.    This  Jar  is  8*3  in  height,  and  has  its 
greatest  diameter  6*4  inches  from  the  bottom. 

No.  7788  lias  a  diameter  of  7  inches  and  is  8*5  inches  high.  No. 
7790  is  6-5  high  by  about  4-9  in  diameter.  No.  7792  is  the  smallest 
and  most  rudely  made:  it  is  3*5  high  by  2*9  in  diameter.  Its 
neck  is  1*8  long  and  the  diameter  of  the  mouth  ^^   .^.^ 

is  about  1  inch.  Nos.  7739,  77.40,  7753,  7757, 
7758,  7793,  7794,  7795,  7796,  7797,  7798,  7799 
are  ail  spherical  vessels  with  short  necks  and 
moderately  sized  mouths  and  are  of  various 
sizes.  Nos.  7753, 7795,  and  7798  are  figured 
and  show  the  variation  in  the  pattern. 

No.  7753  differs  fh>m  the  rest  in  having 
been  colored  red,  and  in  having  the  bulging  portion  slightly  in- 
dented so  as  to  divide  the  sides  into  four  slightly  marked^ortions. 

No.  7758.  No.  7740. 


This  vessel  is  3*3  inches  high,  4  inches  in  its  greatest  diameter, 
and  2*4  across  the  mouth  which  has  a  slightly  turned  lipl 

No.  7740  is  of  similar  shape  and  size  to  this,  but  has  the  sur- 
face divided  into  six  projections  instead  of  four.  The  lips  of  this 
are  broken. 

No.  7798  is  not  as  well  made  as  the  others,  the  clay  not  hav- 

No.7795.  No.  7798. 


ing  been  so  well  burned,  and  it  is  lighter  in  color,  probably  fh>m 
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that  fact.  It  is  one  of  the  smallest  of  the  collection  and  the  neck  is 
without  a  turned  lip.    It  is  3*6  inches  in  height  by  3*4  in  diameter. 

No.  7795  is  a  nearly  symmetrical  vessel,  made  of  the  fine  clay 
of  which  many  of  the  articles  are  composed.  It  is  6-8  to  6*9 
inches  in  its  greatest  diameter,  6-9  inches  high,  and  3-4  across 
the  month.    This  yessel  is  slightly  flattened  at  its  base. 

No.  7794  is  the  largest  of  the  series,  and  is  from  8*1  to  8*3  in 
diameter  by  7*8  inches  in  height. 

Nos.  7741,  7742,  7752  and  7754  are  small  vessels  of  the  shape 
shown  in  the  figures.  7742  might,  fh>m  its  finish  and  shape,  be 
well  classed  as  a  drinking  cup.  It  is  2*9  inches  in  height  by  3*6  in 
greatest  diameter,  and  about  3  inches  across  the  mouth,  the  lip  of 
which  is  slightly  ornamented  by  small  oblique  lines  cut  in  its  in- 
ner border. 

"       No.  7741.  No.  7712. 


No.  7741  is  not  as  symmetrical  a  vessel  as  the  last  mentioned, 
and  has  considerably  thicker  walls.  It  is  about  3*6  inches  high 
and  about  5*3  in  diameter  with  an  uneven  mouth  about  3*5  inches 
across. 

No.  7754  is  a  roughly  made  little  cup,  quite  thick  and  only  par- 
tially baked,  about  2-6  inches  high  and  with  its  greatest  diameter 
equal  to  the  height. 

No.  77M.  No.  7754. 


No.  7752  is  another  small  cup  about  the  size  of  7754  but  more 
spherical  in  shape  and  having  a  hole  near  its  month,  as  shown  in 
the  figure.  The  opposite  portion  of  the  mouth  is  broken,  but  it  is 
probable  that  a  corresponding  hole  existed  there,  and  that  these 
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holes  were  for  the  purpose  of  saspending  the  cap.  This  perforated 
cup  naturally  leads  to  the  next  group  of  vessels,  or  pots  with  han- 
dles, of  which  class  there  are  several  of  various  sizes,  with  slight 
variation  in  finish  aad  ornamentation. 

Nos.  7763,  7778  and  7780  are  the  three  largest  pots,  and  are 
without  ornamentation.  Nos.  7763,  and  7778  have  the  surface 
divided  into  six  even  portions  by  slight  depressions.  Nos.  7780 
and  a  smaller  pot,  No.  7779,  are  perfectly  plain  and  with  even  sur- 
faces. No.  7767  is  a  smaller  pot,  of  the  character  of  7763,  with 
its  surface  divided  into  six  portions.    No.  7769  is  a  small  vessel, 

No.  7787.  No.  7770. 


smooth  on  its  sides,  but  with  its  lips  marked  by  small  oblique 
lines  cut  in  the  clay.  No.  7770  is  ornamented  by  a  row  of  small 
depressions,  as  if  made  with  a  pointed  stick  while  the  clay  was 
soft.  No.  7771  is  a  little  more  elaborate  in  its  ornamentation,  the 
punctures  extending  down  the  sides  in  groups  which  are  enclosed 
in  lines  cut  into  the  clay.  By  the  side  of  the  figure  of  this  pot 
is  placed  a  figure  of  one  of  somewhat  similar  ornamentation,  but 
which  does  not  seem  to  be  now  with  the  collection,  unless  in  ft'ag- 
ments. 

No.  7771. 


No.  7800  is  a  large  pot  (now  in  fragmenU)  ornamented  in  a 
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dimilar  maimer,  bat  with  the  addition  of  small  banchee  of  clay 
forming  the  bases  fh>m  which  the  ornamental  arches  are  sprung. 

No.  7800. 


The  design  on  this  vessel  is  carried  out  quite  symmetrically. 

No.  777J  ^^'  ^^^^  ^^  e\idently  designed  to  repre- 

sent the  face  of  some  animal  in  relief  on 
one  side  of  the  pot,  as  shown  in  the  figure ; 
a  portion  of  this  face  is  on  a  missing  iVag- 
ment.  The  distance  between  the  handles  on 
^  the  opposite  side  is  marked  off  by  four  arches 
of  double  lines. 
Nos.  7762,  7765  and  7766  are  plain  pots  with  four  handles  like 

No.  I'm. 


No.  7773,  and  others  ftom  the  Big  Mound.  No.  7766  is  the 
smallest  pot  in  the  collection.  No.  7765  is  remarkably  thick  and 
heavy,  weighing  2  pounds  and  14  ounces,  while  7762,  of  very 
nearly  the  same  size,  weighs  but  1  pound  15  ounces. 
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No.  7768  18  a  small  pot  with  eight  handles.    These  handles  ex- 
tend from  the  lip  to  a  projecting  ridge  round  the  pot  as  shown  in 

Noi  TTM.  No.  7788. 


the  figure,  and  this  ridge  is  ornamented  by  vertical  lines,  evidently 
made  with  the  thumb  nail  while  the  clay  was  soft. 

The  following  table  gives  the  dimensions  of.  these  several  varie- 
ties of  pots  with  handles : 

No.  7768.  Height  6    inches ;  greatest  diameter  8     inches. 
"    7762.       "      5-8       "  "  "         7-7      " 


7765.       "6  "  "  "         7-8 


(4 

"  7800.  "  6  "  "  "  8  " 

"  7780.  "  4-1  "  "  **  6  ** 

"  7778.  "  4-2  '*  "  "  6-1  " 

**  7768.  "  8'6  •*  '*  "  4-6  '* 

"  7769.  '*  8-6  "  "  "  4-6  " 

. "  7772.  **  8*7  **  "  "  4-4  " 

*'  7767.  '*  8-2  "  "  "  4-6  " 

44  7771^  44  3-2  44  44  44  4*2  U 

*'  7770.  "  8-2  **  "  "  4-8  " 

a  777Q  44  Q.Q  44  44  44   '  A,A  C4 


44 


7779.       "       8-2       '*  "  "  '      4-4 

7766.       "      2  "  "  "        2-7      *' 


No.  7777  is  a  vessel  transitionaiy  in  form  between  the  pots 
with  two  handles  and  the  wide  open  vessels  with  two  knobs.  It 
agrees  with  the  pots  like  No.  7800  in  shape,  but  is  provided  with 
two  flanges  or  knobs  fh>m  the  lip  like  No.  7715.  It  is  four  inches 
high,  5-8  in  diameter  at  its  bulging  portion  and  four  inches  across, 
its  mouth. 


Digitized 


by  Google 


oe  character, 

Jo.  7716. 


in  diameter, 
asures  5-2  in 

character  of 
ose  last  de- 
head  dishes/' 

the  knobs  is 
Q  of  the  head 
1,  or  repre- 
I  head,  more 
r  moulded  in 
7717  is  the 
ipt  to  repre- 

Big  Mound 
y  are  unmis- 
fo.  7723  has 


)TS  in  shape 
med  inward 


Digitized  by  VjOOQIC 


THE   POTT£RT   OF  THE   MOUMD   BUILDERS.  401 

at  the  mouth,  while  all  the  others  are  wider  at  the  mouth  than 
in  any  other  part.    Of  7716  and  7818  only  the  heads  are  now 

Ko.7718. 


preserved  (unlfess  the  rest  of  the  vessels  are  among  the  frag- 
ments that  have  not  yet  been  restored).    No.  7730  has  a  well 

No.  7719.  No.  7TM. 


designed  human  head  which  was  evidently  made  in  two  pieces 
and  put  t(^ether  before  tdie  vessel  was  baked.    In  this  the  hair 

No.  7718.  No.  7818. 


is  represented  as  carried  over  the  top  of  the  head  andi  down  its 
back  in  the  form  of  a  narrow  braid.  The  eyes,  mouth  and  ears 
are  perfocateii  so  as  to  open,  into  the  hollow  of  the  head*     It  will 
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be  noticed  that  in  all  the  instances  where  the  human  head  is  rep- 
resented the  face  looks  into  the  dish  while  all  the  birds'  heads, 
and  the  head  of  the  mammal,  look  outwards.  (No.  7717  has  the 
appearance  of  looking  into   the  dish,  but  this  rude  head  has  a 

No.  7780. 


portion  broken  fVom  the  outside  which  probably  would  have 
better  represented  the  bill  of  a  bird  pointed  that  way.) 

The  several  most  perfect  of  these  head  dishes  measure  as  fol- 
lows, the  first  figure  representing  the  height,  and  the  second,  the 
diameter,  across  the  opening:  No.  7730,  4*7  by  9  inches;  No. 
7718,  3-8  by  8-5  inches;  No.  7717,  3-5  by  7-6  inches;  No.  7719, 
4-2  by  7-6  inches;  No.  7716,  3-2  by  68  inches;  No.  7743,  3-1  by 
7-8  inches ;  No.  7723,  3-1  by  3-5  inches. 

Col.  Foster,  on  p.  246  of  his  work  (reproduced  here  on  p.  407), 
figures  a  "  drinking  cup"  from  a  stone  grave  in  Perry  County,  Mo. 
This  cup  is  of  the  same  design  and  pattern  as  No.  7730,  and  it  may 
not  be  venturing  too  much  if  we  conclude,  from  this  very  peculiar 
form  of  pottery,  that  the  same  race  made  the  article  found  in  the 
ancient  cemetery  of  Perry  County  and  those  found  in  the  mound  in 
New  Madrid  in  the  same  State.  If  this  should  be  substantiated 
by  further  evidence  we  shall  have  the  means  of  identifying  the 
general  cemeteries  of  the  moundbuilders,  or,  at  least,  of  that  par- 
ticular race  who  erected  the  mounds  of  the  southwest.  It  has 
long  been  urged  that  the  moundbuilders  must  have  had  other 
depositories  for  their  dead  than  the  mounds  themselves,  for,  as 
numerous  as  the  latter  are,  they  do  not  often  contain  more  than 
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one  or  two  burials  and  hence  they  are  not  sufficient  in  number  to 
serve  as  the  only  places  of  burial  used  by  the  race  which  must 
have  been  so  great  in  numbers. 

Nos.  7731  and  7732  are  two  very  interesting  circular  dishes 
with  low  bulging  sides,  on  two  opposite  portions  of  which  the 
front  and  hind  parts  of  animals  are  represented  in  relief,  the  wide 
mouths  of  the  dishes  occupying  the  position  of  the  backs  of  the 
animals.  No.  7731  has  the  projecting  and  upward  turned  head  of 
a  turtle  with  the  front  legs  on  its  sides,  while  the  hind  legs  are 
represented  on  the  opposite  portion.  This  dish  is  2-9  high  and 
4'5  inches  in  diameter  across  the  opening.    No.  7732  is  3*7  inches 

htgh  by  4  inches  in  diameter,  and 
has  a  representation  of  a  frog  as 
the  other  has  that  of  a  turtle. 
Nos.  7817  and  7821  are  probably 
i  portions  of  similar  dishes  repre- 
I  senting  other  animals. 

Nos.  7735  and  7736  are  circu- 
lar shallow  dishes  with   rounded 
sides.    No.  7735  is  4  inches  high 
by    6'4    in    diameter    across    its 
month.    The  outside  of  the  edge  of  this  dish  is  ornamented  by 
notches  cut    in    the   clay. 

^-r      «-<»^  ...,.,..  No.  7786. 

No.  7736  IS  5*4  in  diameter 

and  3*3  high.    It  has  the 

sides  more  rounded  towards 

the  mouth  than  is  the  case 

with  the  other,  and  has  two 

deeply  cut  grooves  around 

its  open  margin. 

No.  7746  is  a  very  thin 

and  symmetrical  dish,  nearly  flat  on  its  bottom,  with  flanging 
Ko.7746.  sides.    It  is  3  inches  in  height  by  5-1 

inches  in  diameter,  and  without  orna- 
mentation. No.  7724  is  a  larger  dish 
of  similar  shape,  but  thicker.  The 
height  is  the  same  as  the  last,  but  its 
diameter  is  8*2  inches. 
Nos.  7721,  7722,  7725,  7726  and  7734 
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No.  7815  is  in  fragments,  but  tbe  figure  conveys  an  idea  of  its 
character. 

jj^  Tgjj  Among  the  numerous  fragments  of 

^^ ..^  vessels  of  various  shapes,  the  follow- 

^^^^L ^^V->    ^"^  ^^^  specially  interesting:  No.  7828, 

^^^^B         V^  mw    portions  of  a  small  vessel  that  stood  on 
^^^v  tm  three  short  spherical  hollow  legs.    This 

^^J^^^Ji^  vessel  is  ornamented  with    stripes  of 

red.    No.  7755  is,  probably,  a  leg  of  a 
similar  .vessel  but  of  a  larger  size  and  not  colored.     No.  7826 
consists  of  fragments  of  shallow  dishes,  colored  red.    Nos.  7802 
and  7808,  probably  portions  of  the  same  vessel,  represent  a  pot, 
of  about  the  shape  of  No.  7762, 
that  had  evidently  been  used  to 
hold    the   red    paint  with  which 
several  t>f  the  articles  were  col- 
ored. 

This  last  cut  was  received  with 
the  collection,  but  the  vessel  which 

it  represents  is  either  among  the  fragments  and  beyond  recogni- 
tion or  was  not  received  with  the  rest  of  the  specimens. 

Prof.  Swallow  concludes  his  account  of  the  mounds  he  exam- 
ined about  New  Madrid  as  follows : — 

^'  These  mounds  appear  very  ancient.  Soil  has  formed  on  them 
to  the  depth  of  three  feet.  The  largest  trees  grow  on  them  and 
the  connected  embankments,  or  levees. 

"  A  sycamore  twenty-eight  feet  in  circumference  three  feet  above 
the  ground,  a  black  walnut  twenty-six  feet  in  circumference,  a 
Q;iieT(Ms  falccUa  seventeen  feet,  a  white  ash  twelve  feet,  and  a 
chestnut  oak  eleven  feet  in  circumference  were  observed  on  these 
mounds  and  accompanying  embankments. 

"  The  six  feet  of  stratified  sands  and  clays  formed  around  the 
mounds  since  they  were  deserted,  the  mastodon^s  tooth  found  in 
these  strata,  and  other  facts  indicate  great  age.  These  six  feet 
of  thin  strata  were  formed  after  the  mounds,  and  before  the  three 
feet  of  soil  resting  alike  on  the  mounds  and  on  these  strata. 

^^  There  are  numerous  mounds  in  this  Swamp  country.  I  saw  one 
in  Pemiscot  county  thirty-five  feet  high,  elliptical  (longer  axis  N. 
and  S.),  one  hundred  and  ninety-five  feet  long  on  top  and  one  hun- 
dred and  fifty  feet  wide.     This  mound  is  part  of  a  large  system  of 
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earthworks ;  there  is  a  square  about  one  thousand  feet  on  each  side 
surrounded  with  a  line  of  earthworks  or  embankments  several  feet 
high,  and  the  whole  area  is  filled  in  about  ten  feet.  In  the  area  are 
two  mounds,  the  one  above  mentioned  and  another  smaller,  fifteen 
feet  high.  There  are  also  several  basins  in  the  area,  circular  and 
much  depressed,  and  a  canal  on  the  south  side  of  the  square, 
fifty  feet  wide  and  twelve  feet  deep.  The  large  mound  mentioned 
was  cracked  open  by  the  earthquake,  as  was  very  obvious  when  I 
visited  it. 

'^  Col.  J.  H.  Walker,  who  was  a  youth  of  sixteen  years  at  the 
time  of  the  earthquake,  showed  me  the  mound  in  1856,  and  also 
many  large  cracks  produced  by  the  earthquake.  One  of  these 
cracks  ran  through  this  large  mound.  Col.  Walker  told  me :  — ^This 
crack  was  opened  by  the  severe  shock  of  Dec.  11,  181 1.  It  made 
a  wide  gap  through  the  mound  fW)m  top  to  bottom.  He  [Walker] 
went  into  it  and  saw  at  bottom  about  twenty  feet  of  bon^s,  some 
human,  some  fish,  and  some  of  other  animals.  Above  the  bones 
was  a  coat  of  plastering  made  of  olay,  cane  and  grass  from  five  to 
thirteen  inches  in  thickness.  Col.  Walker  was  a  leading  man  in 
that  country,  well  known  all  over  the  state,  and  was  deemed  very 
reliable/' 
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ARCHiEOLOGICAL    EXPLORATIONS   IN  INDIANA 
AND   KENTUCKY.i 

BT   F.  W,  PUTNAM. 

The  following  abstract  of  a  special  Report,  made  to  the  Trustees 
of  the  Museum  conveys  a  general  idea  of  the  articles  obtained  and 
the  conditions  under  which  they  were  collected.  Facilities  were 
extended,  in  the  explorations  in  Indiana,  by  the  State  Geologist, 
Professor  Cox.  While  in  Kentucky  my  connection  with  the  Geo- 
logical Survey,  under  Professor  Shaler,  secured  extra  facilities  for 
•the  explorations  there. 

Several  stone  implements  were  collected  from  within  the  walls 
of  the  ancient  stone  and  earth  fortification  on  the  Ohio  River, 
near  Charlestown,  Indiana.  This  fortification  has  been  described 
in  detail  by  Professor  Cox  in  his  last  Annual  Report  as  State 
Geologist  of  Indiana,  and  consists  of  veiy  extensive  walls  of 
stone  laid  without  cement.  At  one  place,  on  the  side  facing 
Fourteen  Mile  Creek,  the  wall  is  about  seventy-five  feet  high, 
extending  for  some  distance  and  filling  a  gap  in  the  natural 
precipice  on  that  side.  Several  fragments  of  flint  arrowpoints 
were  picked  up  within  this  enclosure,  and  Capt.  Sam.  C.  Rucker, 
who  lives  near  the  fort,  presented  me  with  a  few  perfect  imple- 
ments he  had  found  within  the  walls. 

Another  similar  fortification  was  examined  at  Deputy,  Indiana, 
and  will  be  fUlly  described  by  Professor  Cox,  in  his  next  Report. 
The  principal  wall  here  was  several  hundred  feet  in  length  and  was 
doubtless,  originally,  several  feet  in  height.  A  singular  stone 
mound,  or  monument,  was  also  examined  near  Lexington,  Indi- 
ana, but  nothing  that  could  be  brought  away  was  found  at  either 
of  these  last  mentioned  places.  A  large  Refuse  Circle,  about  four 
hundred  feet  in  diameter,  near  Lexington,  Indiana,  proved  to  be 
unlike  anything  I  had  seen  before,  and  from  the  abundance  of 
split  bones  of  animals,  fragments  of  potter}',  etc.,  found  in  the 
narrow  ridge  forming  the  circle,  one  can  but  consider  this  ridge 
as  forming  the  outline  (perhaps  the  inside  of  a  stockade)  of  an 

^  Reprinted  fW>in  the  8th  Beport  of  the  Trustees  of  the  Peabody  Museam  of  Amer- 
ican ArchtBology  and  Ethnology,  1876. 
(410) 
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ancient  camp.  Fragments  of  potteiy,  with  bones  of  deer  and 
other  animals,  were  collected. 

Numerous  stone  implements  of  various  kinds,  found  about 
Charlestown,  Indiana,  were  secured.  Several  of  these  were  kindly 
given  me  by  Mr.  F.  M.  Runyan,  of  Charlestown. 

A  collection  of  stone  implements  was  made  at  Grayson  Springs, 
Kentucky,  and  vicinity.  One  very  interesting  moundbuilder's  im- 
plement of  the  class  generally  known  as  ^^  plumb-bobs,"  and  made 
of  magnetic  iron,  beautifully  polished,  was  given  to  me  by  Mr. 
Chas.  J.  Adams  of  Grayson,  though  it  was  said  to  have  been  found 
^4n  a  coal  mine"  on  Green  River.  To  Mr.  Adams  I  am  also 
indebted  for  severalother  stone  implements  fVom  various  localities. 

The  most  important  exploration  in  Grayson  County,  Kentucky, 
was  that  of  the  Rock  Shelter  near  Grayson  Springs.  This  was 
an  overhanging  ledge  of  rock,  and  on  the  shelves  of  rock  and  in 
the  soil  below  them,  were  found  several  bones  of  animals,  as 
well  as  a  few  £ints,  fragments  of  pottery,  chai'coal,  etc.,  and 
two  mortar  holes  were  noticed  cut  in  the  solid  rock.  A  large 
number  of  bones  from  this  place  are  interesting  in  showing  the 
manner  in  which  they  have  been  gnawed  by  rodents. 

Several  caves  in  the  vicinity  of  the  Mammoth  Cave  were  ex- 
plored, and  important  results  obtained.  So  little  is  known  of 
the  use  of  caves  in  the  United  States,  either  for  pui*poses  of 
burial  or  as  habitations,  that  every  opportunity  was  taken  for 
their  exploration. 

Sanders'  Cave  in  Barren  County,  Haunted  Cave  in  Edmonson 
County,  and  a  dry  (unnamed)  Cave  in  Hart  County,  are  probably 
to  be  classed  only  as  burial  caves.  Of  these,  Haunted  and  the 
dry  Caves  had  been  much  disturbed,  and  many  human  bones  had 
been  carried  away  by  the  residents  in  the  vicinity.  Haunted  Cave 
had  also  received  attention  from  other  members  of  the  Kentucky 
State  Geological  Survey,  earlier  in  the  year;  still  a  number  of 
human  bones  and  two  crania  were  obtained  from  these  two 
oaves  in  which  the  bodies  had  been  buried  with  care.  In  Sanders' 
Cave  (owing  to  its  difficult  entrance  this  cave  has  seldom  been 
visited)  many  skeletons  are  to  be  found,  but  the  cave  has  re- 
ceived the  washings  of  a  farm,  and  its  filthy  and  wet  condition 
renders  investigation  rather  unpleasant,  and  the  bones  hard  to  se- 
cure in  a  perfect  state.  In  this  cave  the  bodies  seem  to  have  been 
placed  at  one  time,  and  from  two  stone  arrowheads,  found  among 
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the  ribs  of  one  of  the  skeletons  obtained,  there  is  some  ground 
for  the  belief  that  it  may  have  been  the  burial  place  of  the  victims 
of  a  battle  on  this  ''dark  and  bloody  ground."  Further  study 
of  the  crania,  however,  will  be  necessary  in  order  to  determine 
the  race  to  which  they  belong.  Several  crania,  a  number  of  other 
parts  of  human  skeletons,  and  numerous  bones  of  animals  were 
obtained  from  this  cave.  The  crania  are  all  of  the  same  char- 
acter, having  quite  flat  frontal  bones  and  a  deep  depression  just 
back  of  the  coronal  suture,  and  they  are  quite  different  from  those 
of  the  dry  caves,  which  are  high  and  full  in  the  frontal  region. 
The  tibise  in  both  lots  show  various  degrees  of  flattening. 

That  some  of  the  caves  were  used  as  places  of,  at  least, 
temporary  residence,  was  conclusively  shown  by  my  exploration 
of  Salt  Cave,  which  proves  important  in  revealing  a  new  phase 
in  American  archaeology.  This  cave,  in  many  respects,  ap- 
proaches the  Mammoth  Cave  in  the  size  of  its  avenues  and 
chambers.  Throughout  one  of  the  principal  avenues,  for  several 
miles,  were  to  be  traced  the  ancient  fire-places  both  for  hearths 
and  lights.  For  the  latter  purpose,  small  piles  of  stones  were 
made  with  a  hole  in  the  centre  of  the  pile  to  receive  the  bundle 
of  dried  fagots  perhaps  smeared  with  grease.  Bundles  of  these 
fagots,  tied  up  with  twisted  bark,  were  found  in  several  places 
in  the  cave;  and  canereeds,  probably  the  remains  of  ancient 
torches  of  the  same  character  with  those  found  in  the  Mammoth, 
Short,  and  Grand  Avenue  Caves,  were  also  very  abundant. 

The  most  important  discovery  in  this  cave,  however,  was  made 
in  a  small  chamber,  about  three  miles  from  the  entrance,  first 
noticed  by  my  guides,  Messrs.  Cutlip  and  Lee.  On  the  dry  soil 
of  the  floor  were  to  bo  seen  the  imprints  of  the  sandalled  feet 
of  the  former  race  who  had  inhabited  the  cave,  while  a  large 
number  of  cast  off  sandals  were  found,  neatly  made  of  finely 
braided  and  twisted  leaves  of  rushes. 

A  number  of  other  articles  were  collected  here,  and  were  as  fol- 
lows :  a  small  bunch  of  the  inner  bark  of  some  tree,  evidently  pre- 
pared for  use  in  the  manufacture  of  an  article  of  dress ;  several 
small  lots  of  bark  not  quite  so  fine  as  that  composing  the  bunch ; 
a  piece  of  finely  woven  cloth  of  bark,  over  a  foot  square,  showing 
black  stripes  across  it  where  it  had  been  dyed,  and  also  specially 
interesting  in  exhibiting  the  care  which  bad  been  taken  in  darn- 
ing, or  mending  a  portion  of  it ;  a  small  piece  of  finely  made 
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fringe  or  tassel  discovered  in  one  of  the  places  where  the  earth 
had  been  disturbed ;  several  (Vagments  of  large  gourds ;  and  two 
perfect  flint  arrowheads.  Human  excrements  of  great  age  and 
showing  peculiar  habits  of  life  were  noticed  in  numbers ;  and  in 
several  places  the  soil  looked  as  if  burials  had  been  made  and  the 
bodies  afterwards  removed.  No  human  bones  were  discovered, 
and  the  only  remnants  of  articles  that  we  noted  indicating  any 
kind  of  food  were  a  few  very  much  decayed  shells  of  river 
muscles.  A  piece  of  shell  of  a  Unio  with  a  hole  bored  through  it 
was  also  found.  It  is  needless  to  add  that  everything  in  this 
interesting  collection  which  it  was  possible  to  bring  away  was  se- 
cured, though  exposure  to  the  outside  air  is  veiy  detrimental  to 
specimens  of  vegetable  substance  so  long  pi*eserved  by  the  pecu- 
liar atmosphere  of  the  cave,  and  it  was  only  by  thoroughly  soaking 
the  sandals,  cloth,  etc.,  in  thin  glue  and  mounting  them  between 
glass  that  I  have  succeeded  in  preserving  them. 

The  braided  sandals  and  woven  cloth,  together  with  the  large 
gourds  which  were  probably  cultivated,  and  the  absence  of  the 
bones  of  any  animals  used  for  food,  are  perhaps  indications  of 
an  agricultural  people  dependent  on  their  fields,  rather  than  of  a 
hunting  nomadic  race.  In  connection  with  these  cave  explora- 
tions I  may  add  that  I  had  the  opportunity  of  obtaining  the 
true  history  of  the  so-called  "American  Mummy"  which  was 
said  to  have  been  found  in  the  Mammoth  Cave  about  the  year 
1813,  and  about  which-  so  much  was  written  soon  after  that  time. 
The  body  was  found  in  Short  Cave,  about  eight  miles  from  the 
Mammoth  Cave,  and  1  examined  the  spot  from  which  it  was  taken. 
Since  my  return  I  have  examined  this  most  important  relic,  which 
is  now  in  the  collection  of  the  American  Antiquarian  Society  in 
Worcester.*  A  careful  comparison  of  the  fabrics  and  articles 
found  in  Short  Cave  with  those  collected  in  Salt  Cave  conclu- 
sively proves  their  identity,  and  thus  throws  some  light  upon  the 
race  that  made  use  of  the  oaves'  for  burial  places,  and  gives  us  the 
means  for  the  association  of  the  osteological  character  of  the  i*ace 
as  determined  fpom  this  body  with  articles  found  in  Salt  Cave ; 
while  from  several  peculiar  conditions  of  the  burial  in  Short  Cave, 
hints  bearing  on  the  great  antiquity  of  the  race  are  given. 

<  For  a  detailed  aooonot  ofi  the  care  bnriala  and  at  more  eactended  preaentation  of 
Uie  pieaeot  papej^  see  Prooeedlngs  of  the  Boston.  Society  of  Natural  History,  Vol. 
XTii,  p.  814. 
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A  large  group  of  mounds  was  visited  at  Pageville,  Munroe 
Count3%  Kentucky.  This  group  consisted  of  two  mounds  of  about 
one  hundred  feet  in  diameter,  and  fh>ra  twelve  to  fifteen  feet  high, 
and  a  number  of  smaller  mounds  about  fifty  feet  in  diameter  and 
from  three  to  five  feet  high.  The  group  lies  between  Barren 
River  and  Peter's  Creek,  on  the  homestead  of  G«n.  Joseph  H. 
Lewis,  who  accompanied  me  to  the  spot.  A  large  number  of 
stone  implements,  undoubtedly  made  by  the  moimdbuilders,  have 
been  found  about  these  mounds,  which  are  now  mostly  covered 
by  corn-fields.  I  collected  fragments  of  pottery  on  the  surface. 
One  of  the  small  mounds  was  opened,  but  it  only  showed  that  a 
long  continued  fire  had  been  kept  on  its  top,  burning  the  clay  to 
the  depth  of  several  inches.  A  hole  was  then  dug  to  the  bottom, 
in  the  centre  of  one  of  the  lai^e  mounds,  yet  nothing  that  could 
be  considered  as  an  undoubted  relic  of  the  moundbuilders  was 
found.  About  three  feet  firom  the  surface  a  human  skeleton  was 
taken  out,  though  it  was  probably  an  intrusive  burial  by  a  later 
race  than  the  one  making  the  mound. 

About  one-eighth  of  a  mile  to  the  south  of  these  mounds,  on 
the  brow  of  a  hill,  were  found  a  number  of  graves  of  a  peculiar 
character.  Many  of  these  graves  have  been  ploughed  over,  and 
the  human  l>ones  from  them  whiten  the  field  for  half  an  acre  in 
extent.  Two  of  the  graves,  however,  had  not  been  disturbed,  at 
least  below  the  surface,  as  their  walls  had  been  made  of  slabs  of 
limestone  of  such  size  as  to  prevent  the  plough  fV*om  passing  over 
the  spot.  These  graves  were  nearly  circular,  between  four  and 
five  feet  in  diameter  and  about  three  deep.  One  was  carefhlly 
opened  and  its  contents  taken  out.  These  consisted  of  portions 
of  fifteen  human  skeletons  and  a  fi*agment  of  pottery.  The  bones 
and  teeth  showed  that  the  bodies  buried  were  those  of  persons  of 
various  ages,  from  three  children,  who  had  not  lost  their  first  set  of 
teeth,  to  one  person  of  old  age.  The  grave  had  been  formed  by 
digging  a  hole  nearly  circular  and  about  three  feet  in  depth. 
Slabs  of  limestone,  about  three  feet  long  and  fk*om  one  foot  to  two 
feet  wide,  brought  from  some  distance,  had  then  been  placed  on 
end  around  the  hole,  and  the  bottom  had  been  carefully  covered 
with  thin  shale  brought  from  the  creek  a  quarter  of  a  mile  away. 
The  bodies  of  the  adults  had  evidently  been  arranged  in  a  sitting 
posture  against  the  upright  slabs  and  all  at  one  time.  Only  frag- 
ments of  the  skeletons  of  the  three  children  were  found  and  the 
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.  position  in  which  thej'  had  been  buried  conld  not  be  determined. 
The  earth  had  been  thrown  over  all  and  a  few  small  flat  stones 
placed  above.  The  fragment  of  pottery  found  was  near  the 
surface  and  may  indicate  that  vessels,  and  perhaps  otlier  arti- 
cles, had  been  placed  on  the  surface  over  the  grave,  and  not  buried 
with  the  bodies,  as  is  more  commonly  the  case. 

This  class  of  graves  is  unlike  anything  heretofore  described, 
so  far  as  I  am  now  aware,  and  while  it  is  quite  different  from 
anything  of  which  we  know  among  the  Indian  tribes,  it  is  equally 
distinct  from  the  burial  customs  of  the  moundbuilders  so  far  as 
at  present  known.  The  close  proximity  of  the  group  of  mounds, 
the  extreme  care  and  labor  with  which  the  graves  had  been  made, 
their  large  number  at  this  place  (nearly  thirty  could  be  traced, 
and  a  very  large  number  must  have  been  entirely  destroyed  by 
cultivation  of  the  land  over  them),  and  the  fact  that  a  number 
of  bodies  of  various  ages  were  enclosed  at  the  same  time  in  one 
grave,  give  occasion  for  much  speculation. 

Seven  of  the  crania  from  this  grave  were  obtained  in  such  con- 
dition as  to  permit  of  their  comparatively  perfect  restoration,  and 
all  the  bones  found  in  the  grave  were  brought  home,  though  they 
were  in  the  last  stages  of  decay,  and  it  was  necessary  to  saturate 
all  with  glue  in  order  to  preserve  them  in  their  present  condition. 

The  several  crania  obtained  from  this  grave  vary  somewhat  in 
shape,  yet  they  are,  in  general,  remarkable  for  their  shortness  and 
great  parietal  width.  They  all  show  an  occipital  flattening  which 
in  one  skull  is  very  marked.  A  study  of  these  crania  has  not  been 
made,  but  while  they  resemble  the  short  and  high  skulls  of  the 
moundbuilders,  they  seem  to  have  some  peculiarities  not  noticed 
in  the  few  mound  skulls  I  have  examined.  The  long  bones  of  the 
skeletons  indicate  a  race  of  ordinary  height,  though  the  massive- 
ness  of  the  bones  is,  perhaps,  above  the  average.  The  tibiae  are 
all  decidedly  flattened,  and  the  femora  are,  perhaps,  slightly  more 
curved  than  is  usual.  But  on  all  these  points  further  study  is 
necessary. 
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Chemical  and  Geological  Essays.^ — The  manifest  tendency 
of  modern  scientific  researches  and  investigations  is  toward  a  uni- 
fication of  the  sciences,  and  the  volume  forming  the  subject  of 
this  notice  is  a  decided  step  in  that  direction.  We  have  many 
and  excellent  text-books  of  geology  as  studied  from  the  stand- 
points of  physics  and  biology ;  but,  with  the  exception  of  Bischofs 
treatise  on  chemical  geology,  which  appeared  nearly  a  generation 
ago,  this  is  the  nearest  approach  "to  a  complete  exposition  of  the 
intimate  relations  and  interdependence  of  geology  and  chemistry 
which  we  have  seen. 

The  work  comprises  twenty  of  the  author's  chief  scientific  me- 
moirs, which  have  been  published  at  different  times  during  the  past 
twenty-five  years.  They  treat  of  questions  in  chemistry,  and  • 
chemical  and  dynamical  geology,  and,  to  quote  from  the  preface, 
*' cover  nearly  all  the  more  important  points  In  chemical  geology." 
The  author  says  further  that  his  researches  and  conclusions  as  de- 
veloped in  these  memoirs  "  have  been  connected  with  the  hypoth- 
esis of  a  cooling  globe  and  with  certain  views  of  geological  dy- 
namics, making  together  a  complete  scheme  of  chemical  and  physi- 
cal geology,  the  outlines  of  which  will  be  found  embodied  in  Es- 
says I  to  XIII."  Essays  XIV  and  XV  are  chiefly  historical,  while 
the  five  brief  papers  which  conclude  the  volume  are  devoted  to  the 
discussion  of  questions  in  theoretical  chemistry  and  mineralogy. 

In  addition  to  the  development  of  his  own  ideas,  Dr.  Hunt  has 
in  general  given  us  the  results  achieved  by  his  co-laborers,  so  that 
the  work  is  in  truth  a  fair  representation  of  the  present  state  of 
the  science.  Several  of  the  more  recently  developed  of  our  au- 
thor's views,  as  those  concerning  the  use  of  lithologic  data  as  a 
basis  for  chronologic  distinctions,  and  his  theory  of  cycles  in  sedi- 
mentation, have  not  been  generally  adopted.  The  chemical  and 
mineralogical  data  forming  the  basis  of  these  hypotheses,  however, 
may  be  accepted  without  question,  and  thus  every  reader  is  en- 
abled to  form  an  intelligent  judgment  concerning  the  truth  of 
these  hypotheses. 

Essay  XV  on  the  "  History  of  the  names  Cambrian  and  Silurian 

1  ChemiciO  and  Geological  EMajs,  by  Thomas  Sterry  Hunt,  LL  J>.    ISmo.  pp.  480. 
Boston,  1874.   J.  B.  Osgood  &  Co. 
(416) 
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in  Geology,"  is  a  very  valuable  contribution  to  the  history  of  the 
science ;  and  its  value  will  increase  with  time.  It  throws  a  flood 
of  light  on  points  of  great  perplexity  for  the  student ;  and  Dr. 
Hunt  has  in  writing  it,  done  the  science  a  real  service.  It  is  the 
first  complete  recognition  of  the  claims  of  Sedgwick,  fVom  the  pen 
of  one  well  qualified  to  write  the  history  of  that  painful  contro- 
versy, and  it  is  to  be  hoped  that  the  time  is  not  very  remote  when 
geologists  will  generally  refuse  to  recognise  the  unwarrantable 
usurpations  of  Murchison. 

Some  little  repetition  has  arisen  from  printing  the  essays  in 
their  original  forms,  but  this  could  not  be  avoided,  since  the  au- 
thor wished  to  preserve  a  certain  historic  value  which  attaches  to 
the  papers,  and  which  would  have  been  lost  by  a  change  of  forms 
and  dates. 

A  copious  index  and  table  of  contents  add  much  to  the  useful- 
ness of  the  work. — W.  O.  C. 

Check  List  op  North  American  Ferns.^ — This  is  a  very 
neatly  gotten  up  8vo  pamphlet,  printed  on  excellent  paper  on  one 
side  of  the  sheet  so  as  to  admit  of  its  being  cut  for  herbarium 
labels.  The  specimens  are  numbered  with  the  same  numerals,  and 
the  nomenclature  substantially  t^ees  with  that  of  Horace  Mann's 
catalogue.  I  submit  a  few  criticisms  on  Mr.  Robinson's  work. 
"3677*  Notholaena  Newberryi,  Eaton,  n.  sp."  The  letter  follow- 
ing a  duplicate  should  be  6,  the  letter  a  being  commonly  under- 
stood as  applicable  to  the  first  occurrence  of  a  number  or  name. 
"D.  C.  Eaton  is  given  as  the  authority  to  other  species,  the  infer-  ^y 
ence  being  that  there  are  two  Eatons,  both  fern  authors,  whereas  ^ 

there  is  but  one,  the  well  known  New  Haven  Professor.  All  her- 
barium labels  and  catalogues  also  for  that  matter,  should  have  the 
reference  as. well  as  the  author.  If  the  original  work  be  not  ac- 
cessible to  the  compiler  then  let  the  reference  be  to  the  work  from 
which  he  quotes.  Such  a  course  clears  up  doubts,  prevents  blun- 
ders, and  would  here  have  been  particularly  useful  in  the  cases  of 
Prof.  Eaton's  new  species.  No  European  author  quotes  "3763 
Woodsia  obtuaa  Torrey"  (always  Hooker),  for  the  reason  that  his 
catalogue,  published  in  1840,  is  unknown  there,  and  is  never  quoted 
in  American  floras.     If  Mr.  Robinson  had  referred  to  the  Synopsis 

'  Check  List  of  the  Ferns  of  North  America  north  of  Mexico;  by>John  Robinson.— 
Natnralists'  Agency,  1878.    8to.  pp. 

AMER.  NATURAU8T,  VOL.  IZ.  27 
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FUicum  he  would  not  have  written  "  3780  Botryehium  virginicum 
Swartz,  that  author  and  his  predecessor  Linn6  having  written 
virginianum.  It  is  difficult  to  understand  upon  what  principle  au- 
thor's names  have  been  attached  to  varieties.     ^^  Aspidium  actilea- 

)>  c  /  turn  Vary  Braunii/  Koch"  may  be  correct  so  far  as  it  goes,  as 

correct  as  if  Mr.  Bobinson  had  attached  Eaton's,  A.  Wood's,  or 
his  own  name  as  the  authority,  but  a  reference  to  Koch's  flora 
would  have  shown  that  that  author  simply  quoted  Doll  who  reduced 
Spinner's  A.  Braunii  to  a  variety  of  A.  aciUeatum.    So  also  of 

^  ^^Aspidium  spintdomm  Vsi.f  dilatattim  Gray,"  the  fact  (if  I  may 

use  the  word  in  this  sense)  was  published  by  Both  in  1797,  and  the 
name  by  Homemann  in  1827.    In  two  other  cases  Mr.  Bobinson 
has  gone  to  the  opposite  and  more  misleading  extreme,  ^^A^ndium 
^  cristatum  Yar.i  Floridanum  Hooker,"  and  ^^  Aapidium  spintdosum 

^  Var.^  intermedium  Willdenow."    These    authors   described    the 

plants  as  good  species ;  Professor  Eaton  reduced  them  to  varie- 
ties, and  should  have  been  quoted  as  the  authority  in  accordance 
with  the  ^Uaws  of  botanical  nomenclature"  adopted  by  Mr. 
Bobinson. 

3  745c.  Yar.  Boottii  is  the  correct  orthography,  the  plant  having 
been  named  by  Prof.  Tuckerman  after  the  late  Mr.  William  Boott. 
The  arrangement  of  B,A^ematum  is  not  Swartz's,  and  scarcely 
Milde's.  The  latter  autnor  combined  three  Swartzian  species  rut- 
ao6um/S vensk.  Bot.  t.  372,  ^,  2),  lunarioides  and  tematum  under 
Tbunberg's  oldest  name  thus — 

"  Botryehium  tematum  (Thunb.)  "  "  Milde  Monog.  Botrych.  p. 
146  in  Z.  V.  B." 

**A.  Europcsum"  (Babenhorst,  No.  80).    I  have  numerous  American 

species  of  this  varietj,  the  B.  rutrnfoHum  A.  Br. 
"B.  Au8trala8i<Uicum**  (Kanze  t.  155;  Hook.  FL  Tasman.  t.  169). 

This  is  the  true  tematum  and  is  not  N.  American  so  fiir  as  I 

have  seen. 
"(7.  Americanum**   "a.  lunarioides    (Mlchx.    sp.)"   b.    obliqaum 

(Menhl.  sp.)-"g.  d^ssectum  (Menhl.  sp.)" 

Bernhardi's  so-called  genus  Allosorus  is  here  dropped  in  favor 
of  Cryptogramme ;  Prof.  Eaton  would  have  done  well  to  have 
sent  Cystopteris  into  limbo  with  it.  Where  space  abounds  au- 
thor's names  need  scarcely  be  contracted. 

We  trust  Mr.  Bobinson  may  find  it  necessary  soon  to  issue  a 
second  edition.  —  D.  A.  Wait. 


Digitized  by  CjOOQIC 


BOTANY. 

The  Law  of  Eubbtonic  Dbyblopheitt  in  Akimals  and  Plants. 
— An  article  upon  this  subject  in  the  American  Naturalist  for 
May  contains  a  hasty  generalization,  based  upon  pare  assump- 
tion, or  upon  insufficient  data,  and  supported  only  by  a  false  anal- 
ogy.  It  opens  wiUi  the  startling  proposition  that  ^'  it  is  a  well 
known  law  in  the  animal  kingdom,  that  the  young  or  embryonic 
state  of  the  higher  orders  of  animals  resemble  (sic)  the  full-grown 
animals  of  the  lower  orders."  If  such  a  law  had  ever  been  dis- 
covered to  exist,  the  tadpole  and  t^e  caterpillar,  which  are  cited 
in  proof,  would  certainly  be  good  illustrations  of  it.  But  this 
statement  is  so  far  Yrom  being  "a  well  known  law,"  or  ^*one  of 
the  causes  of  the  recent  rapid  progress  in  the  study  of  the  animal 
kingdom,"  that  no  eminent  living  naturalist  or  biologist  recognizes 
the  existence  of  sudi  a  law ;  or  at  least  no  one  of  them  gives  a 
hint  of  it  in  his  writings. 

Agassiz  claimed  that  ancient  animals  resembled  the  embryos  of 
recent  animals  of  the  same  class,  and  that  the  geological  succes- 
sion of  extinct  forms  is  parallel  with  the  embryol<^cal  develop- 
ment of  existing  forms.  But  if  this  principle  be  true,  it  is  far 
from  meeting  the  requirements  of  the  ''law"  of  this  article. 

The  writer  of  it  may  have  had  in  his  mind  a  vague  idea  of  the 
law  of  Von  Baer^  which  is  well  known,  and  which  has. ensbled  nat- 
uralists ''  to  correct  their  systems  of  classification,"  viz. :  ''That, 
in  its  earliest  stages,  every  organism  has  the  greatest  number  of 
characters  in  common  with  all  other  organisms,  in  their  earliest 
stages.'*  Or,  to  put  it  in  language  parallel  to  that  of  the  "law" 
of  this  article,  false  syntax  excepted ;  the  embryonic  state  of  the 
higher  orders  of  animals  resembles  the  embryonic  (not  the  full 
grown)  staie  of  the  lower  orders.  The  germ  of  a  human  being 
differs  in  no  visible  respect  from  the  germ  of  every  animal  and 
plant :  it  never  resembles  any  fdll  grown  animal  or  plant.  It  suc- 
cessively looses  its  resemblance  to  vegetable  embryos,  then  to  all 
embryos  but  those  of  Vertebrates,  then  to  all  but  those  of  Mam- 
mals. Finally  it  resembles  only  the  embryos  of  its  own  order. 
Primates ;  and  at  birth  the  infant  is  like  the  infants  of  all  human 
races.^  But  never  at  any  period  of  its  successive  differentiations 
>  See  Spenoei's  Biology,  Vol.  I. 
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does  it  resemble  the  adult  form  of  fish,  reptile,  bird,  beast,  or 
monkey. 

The  principle  stated  is  not  a  law  of  the  animal  kingdom.  If  it 
be  a  law  at  all,  it  is  a  newly  discovered  one,  and  applies  only  to 
the  vegetable  kingdom. 

The  proposition  to  be  established  then  is,  that  the  young  or 
embryonic  state  of  the  higher  orders  of  plants  resembles  the  full 
grown  plants  of  the  lower  orders.  The  writer  finds  his  first  proof 
in  a  comparison  of  the  fovillse  of  a  pollen  grain  with  fhll  grown 
Desmidiae.  The  points  of  resemblance  are  these:  both  are  mi- 
nute ;  each  consists  of  a  single  cell ;  and  both  have  an  apparently 
aimless  motion.  Surely,  these  resemblances  are  not  numerous  or 
striking  enough  to  found  a  law  upon  ;  and  if  they  were,  they  have 
not  the  remotest  bearing  upon  the  supposed  law.  Admitting  that 
the  fovillae  ^'  may  be  regarded  as  one  of  the  first  steps  towards  the 
reproduction  of  plants  of  the  highest  type,"  yet  they  are  not  in 
any  sense  a  young  or  embryonic  form  of  a  plant.  The  fovillfle  con- 
stitute the  male  element,  and  are  homologous,  not  to  the  embryo^ 
but  to  the  spermatozoa  of  animals.  The  supposed  analogy  between 
a  Protococcus  and  a  pollen  grain  is  open  to  the  same  criticism, 
^or  is  the  correspondence  between  a  fbll  grown  Botrydium  and  a 
pollen  tube  of  greater  value.  A  pollen  tube  cannot,  in  any  legiti- 
mate sense,  be  called  embryonic.  The  superficial  resemblance  of 
a  mould  fhngus  to  a  stamen,  is  obvious  enough ;  but  in  reality  no 
analogy  can  exist  between  them.  The  spores  of  the  mould  are 
embryos,  and  will  develop,  under  favorable  circumstances,  into 
mould  again.  But  pollen  grains  are  not  embryos,  and  never, 
under  any  circumstances,  grow  into  what,  by  any  stretch  of  terms, 
can  be  called  a  new  plant.  Neither  stamens  nor  pollen  constitute 
a  part  of  the  embryo ;  and  no  analogy  drawn  from  them  can  have 
any  bearing  upon  the  laws  of  embryonic  development.  If  such  a 
law  as  the  writer  claims  really  exist,  it  must  be  found  by  study- 
ing the  development  of  the  ovule^  the  true  homologue  of  the  ani- 
mal embryo.  In  view  of  such  facts,  all  ''similar  analogies"  and 
all  similar  ''proofs  of  the  unity  of  design  of  the  Creator"  may  be 
easily  dispensed  with. 

The  article  proposes  to  extend  the  domain  of  a  certain  supposed 
law  of  the  animal  kingdom,  so  as  to  include  the  vegetable  king- 
dom also.  It  has  been  shown,  First,  that  no  such  law  exists  in 
the  animal  kingdom ;  Second,  that  not  a  single  fact  cited  as  prov- 
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ing  it  to  be  a  law  of  the  vegetable  kingdom  has  the  remotest  bear- 
ing upon  the  question.  If  suchhasty  conclusions  as  these,  wildly 
jumped  at  from  no  data,  are  to  be  allowed  under  the  name  of 
Science,  her  students  will  richly  deserve  all  the  ridicule  and  sar- 
casm which  a  certain  class  are  so  fond  of  pouring  upon  them. — 
Chas.  R.  Drteb,  PJielps^  Ontario  County^  JV.  F.,  May  12,  1875. 

Coreopsis  discoidea  spontaneocs  in  Connecticut.  —  Ad- 
joining our  cow-pasture  is  a  piece  of  woodland  of  about  four 
acres,  with  beech,  birch,  chestnut,  oaks,  etc.,  growing  on  it.  It 
is  level  but  has  several  depressions  which  form  shallow  ponds 
containing  *water  most  of  the  year.  In  one  of  these,  about  a  hun- 
dred paces  in  circuit,  grow  button-bush,  wild-rose  sedges,  cotton- 
grass,  sphagnum,  grasses,  at  least  three  species  of  Bidens  or 
beggar-ticks  and  Coreopsis  discoidea.  I  gathered  flowers  of  the  last 
when  just  coming  into  blossom,  supposing  it  to  be  the  common 
beggar-ticks,  at  the  same  time  noticing  its  slender,  delicate  habit, 
so  unlike  the  coarse  weed  of  our  fields.  But,  on  examining  the 
young  ovaries,  I  could  see  no  sign  of  the  retrorse  bristles  on  their 
awns,  which  the  achenia  of  Bidens  should  have.  I  thought  this 
might  be  owing  to  their  immature  state.  Moreover,  on  comparing 
it  with  Coreopsis,  I  found  it  to  agree  with  0.  discoidea  in  every- 
thing except  the  rejlexed  outer  involucre  which  an  old  edition  of 
Prof.  Gray's  Botany  assigned  to  it.  I  sent  a  bit  of  it  to  him  and 
he  pronounced  it  C.  discoidea. 

Just  after  this,  I  found,  in  the  same  place,  a  plant,  very  much 
like  the  former  ones,  which  had  unmistakably  the  achenia  of  Bi- 
dens frondosay  the  ciliated  outer  involucral  leaflets  of  the  same,  the 
flower  heads  just  perceptibly  larger  than  those  of  the  Coreopsis, 
and  the  same  delicate  growth  of  the  latter. 

In  the  last  edition  of  Prof.  Gray's  manual,  he  gives  as  one 
character  of  the  subsection  *  *  *  *  «« scales  of  the  outer  involu- 
cre reflexed  or  spreading "  without  indicating  to  which  of  the  four 
species  the  reflexed  involucre  belongs.  I  did  not  observe  any  such 
in  the  plants  I  gathered.  The  awns  did  not  seem  to  me  ^^ stout** 
and  they  were  merely  hispid  rather  than  "  upwardly  barbed. "  — 
Charles  Wright,  Wethersfleldy  Conn. 

Fertilization  op  Alpine  Flowers  by  Butterflies. — In  the 
ninth  of  a  series  of  valuable  papers  communicated  by  Hermann 
Miiller,  to  '*  Nature,"  on  the  fertilization  of  flowers  by  insects,  he 
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shows  that  butterflies  eflTect  the  cross-fertilization  of  Alpine  orchids. 
It  seems  that  from  twelve  to  fifteen  per  cent,  of  the  orchids  of  the 
lowlands  are  fertilized  by  Lepidoptera,  while  ft-om  sixty  to  eighty 
per  cent,  of  Alpine  orchids  are  fertilized  by  the  same  kind  of  in- 
sects. This  corroborates,  he  says,  his  view  that  the  predominant 
frequency  of  butterflies  in  the  Alpine  r^ion  must  have  influenced 
the  adaptation  of  Alpine  flowers. 

Miiller  has  also  shown  the  wonderM  modifications  brought 
about  in  the  legs  and  mouth-parts  of  bees  by  their  efforts  in  fertil- 
izing flowers. 

ZOOLOGY. 

On  the  Dbyelopbient  of  the  Nervous  Ststeh  in  Limulus.^  — 
After  a  good  many  unsuccessful  attempts  at  discoveiHng  the  first 
indications  of  the  nervous  system  in  the  embryo  of  Limulus,  I  at 
length,  in  making  fine  sections,  with  the  aid  of  the  skill  of  Prof.  T. 
D.  Biscoe,  discovered  it  in  a  transverse  section  of  an  embryo  in  an 
early  stage  of  development,  corresponding  to  that  figured  on  plate 
iv,  fig.  10,  of  my  essay  on  the  Development  of  Limulus  PolyphC' 
mu8  in  the  Memoirs  of  the  Boston  Sodety  of  Natural  History. 
The  period  at  which  it  was  first  observable  was  posterior  to  the  first 
blastodermic  moult,  and  before  the  appearance  of  the  rudiments 
of  the  limbs.  The  primitive  band  now  surrounds  the  yolk,  being 
much  thicker  on  one  side  of  the  egg  than  on  the  other,  the  limbs 
budding  out  ftom  this  disk-like  thickened  portion  which  represents 
the  outer  or  nervous  layer  of  the  germ.  At  the  time  the  nervous  cord 
was  observed  it  was  entirely  differentiated  from  the  nervous  layer 
proper,  and  in  section  and  relation  to  the  nervous  layer  appeared 
much  as  in  Kowalevsky's  figure  (33)  of  the  germ  of  Hydrophilus 
(Embryologische  Studien  an  Wurmen  und  Arthropoden,  1871). 

At  a  later  stage  in  the  embryo,  represented  by  PI.  V,  fig.  1 6  in 
my  Memoir,  at  a  period  when  the  body  is  divided  into  a  head  and 
abdomen,  and  the  limbs  are  longer  than  before,  by  a  series  of  sec- 
tions parallel  with  the  under  surface  of  the  body,  I  could  make 
out  quite  satisfactorily  the  general  form  of  the  main  nervous  cord. 
It  then  forms  a  broad  thick  mass,  the  two  cords  being  united,  with 
small  holes  between  the  cords  opposite  the  sutures  between  the 
segments  and  situated  between  the  primitive  ganglionic  centres. 

1  Bead  at  the  NoTember  cl874)  Meeting  of  the  National  Academy  of  Sciences. 
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The  nervous  cord,  as  in  the  Acarina,  is  formed  long  before  the 
other  internal  systems  of  organs ;  the  development  of  the  dorsal 
vessel  some  time  after  succeeding  that  of  the  nervous  cord,  while 
the  alimentary  canal  is  not  formed  until  some  time  after  the  larva 
is  hatched. 

Tiie  nexL  bti^C  observed^  and  one  of  exceeding  interest,  was 
studied  in  longitudinal  sections  of  the  larval  li^^l^is-  ^  "^^ 
make  a  longitudinal  section  of  the  young  king  crab  when  a 
little  over  an  inch  long,  the  disposition  of  the  cephalothoracic 
portion  of  the  cord  is  exactly  as  in  the  full-grown  individuals. 
The  nervous  ganglia  are  then  united  into  a  continuous  nervous 
collar  surrounding  the  oesophagus,  no  ganglionic  enlargements 
being  observed,  the  collar  in  fact  consisting  entirely  of  ganglia, 
the  commissures  being  obsolete ;  in  front  of  the  oesophagus  and 
in  the  same  plane  as  the  oesophageal  collar  lies  the  supraoesopha- 
geal-ganglion,  or  so-called  brain ;  not  as  usual  in  the  normal  Crus- 
tacea, raised  above  the  mouth  into  the  roof  of  the  head.  On  the 
contrary,  the  oesophagus  passes  behind  the  brain  and  through  the 
collar  at  a  right  angle  to  the  plane  of  the  oesophageal  collar  and 
brain  taken  collectively.  Now  a  section  of  the  larva  before 
moulting  shows  a  most  important  and  interesting  difference  as  re- 
gards the  ganglia  which  supply  nerves  to  the  appendages  of  the 
cephalothorax.  These  are  entirely  separate,  the  spaces  between 
them,  where  they  are  connected  by  commissures,  being  as  wide  as 
the  ganglia  themselves  are  thick.  Five  ganglia  were  observed 
corresponding  to  five  anterior  pairs  of  members.  It  is  probably 
not  until  after  the  first  moult  at  least  that  the  adult  form  of  the 
nervous  cord  is  attained. 

Some  interesting  questions  in  the  morphology  of  Limulus  arise 
in  connection  with  this  discovery  of  the  original  separation  of  the 
ganglia  of  the  head,  which  I  will  simply  touch  upon.  The  brain 
of  Limulus  differs  remarkably  from  that  of  the  normal  Crustacea, 
t.  e,,  the  Decapods,  in  sending  off  no  antennal  nerves,  but  only 
two  pairs  of  optic  nerves,  there  being  in  fact  in  Limulus  no  anten- 
nae. In  the  spiders  and  scorpion  the  disposition  of  the  nervous 
system  only  resembles  that  of  Limulus  in  the  thoracic  and  cepha- 
lic ganglia  being  somewhat  consolidated,  but  the  brain  is  situated 
far  above  the  plane  of  the  thoracic  mass,  and  the  commissures  are 
very  long,  and  here  also  there  are  no  antennal  nerves,  no  antennae 
being  present,  but  a  pair  of  nerves  are  distributed  to  the  mandi- 
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bles.  The  general  analogy  in  the  form  of  the  anterior  portion  of 
the  nervous  cord  to  the  Arachnidan,  by  no  means  proves  satisfac- 
torily to  my  mind  that  the  Limulus  and  Merostomata  generally 
are  Arachnida,  as  some  authors  insist,  for,  besides  the  remarkable 
difference  in  the  form  and  position  of  the  supraoBsophageal  gan- 
glion above  mentioned,  there  are  oth^r  differencee  cf  muoli  impor- 
tance, which  »en«^-t;  Uie  Merostomata  from  both  the  Arachnida 
on  the  one  hand,  and  the  Crustacea  on  the  oth^r. 

It  will  now  be  a  matter  of  interest  to  study  the  development  of 
the  nervous  cord  in  the  Arachnida,  at  the  stage  where  the  cephalo- 
thoracic  ganglia  are  separate  and  compare  them  with  the  same 
stage  in  Limulus. 

The  result  may  possibly  show  that  the  appendages  of  the  an- 
terior region  of  Limulus  are  in  fact  cephalic  appendages  or  man- 
dibles and  maxillae  or  maxillipeds,  and  in  part  truly  thoracic ;  as 
in  the  spiders  and  scorpions  the  nerves  to  the  maxill»  and  legs 
are  distributed  from  a  common  eephalothoracic  mass  of  concen- 
trated ganglia.  — A.  S.  Packard,  Jr. 

The  Pine  Snake.  —  As  having  some  relation  to  the  animosity 
which  this  reptile  is  supposed  by  the  old  residents  of  the  Pines  to 
bear  towards  the  rattlesnake,  I  find  an  important  observation 
which  I  have  made,  not  mentioned  in  the  article  of  the  January 
number  of  the  Naturaijst.  As  there  noted,  the  Pine  Snake, 
when  alarmed  or  enraged,  slowly  inflates  itself  with  air,  thus 
nearly  doubling  its  normal  size  along  its  entire  length,  except  the 
tail.  It  then  slowly  expels  the  air  with  its  own  peculiar  sound. 
While  thus  blowing  in  anger,  the  tail  is  made  to  perform  a  singu- 
lar part  in  this  manifestation  of  rage.  The  horny  tip,  or  four- 
sided  spike,  is  slightly  elevated,  and  caused  to  vibrate  with  such 
rapidity  as  to  produce  a  little  fan  of  light,  about  an  inch  in  length. 
Were  this  quadrangular  spike  a  little  flattened  and  constricted  at' 
intervals,  and  raised  a  little  higher  when  set  in  vibration,  we  should 
have,  with  its  buttons  and  functions,  the  true  organ  of  the  dreaded 
rattlesnake  {CrotoLas  horridua).  The  sight  of  this  in  motion  is 
certainly  suggestive  of  the  tail  of  a  Crotalus  in  rudiment.  If  the 
tradition  of  the  Pine  Snake's  enmity  to  the  rattlesnake  be  true, 
it  would  not  be  the  first  instance  of  disagreement  between 
relations. 

In  this  connection  may  be  mentioned  our  reading  a  slip  from  a 
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western  paper,  in  which  was  stated  that  one  of  our  lai*ge  innoxious 
snakes  was  killed,  which  had  swallowed  a  rattlesnake,  except  the 
tail,  which  with  its  rattles  projected  from  the  mouth.  The  state- 
ment lacked  the  mention  of  names,  thus  affording  no  clue  for  a 
proper  inquiry  into  the  facts  of  the  case. 

The  old  residents  of  the  Pines  say  that  the  Pine  Snake  will  fol- 
low a  person,  but  that  if  you  approach  the  reptile,  it  will  at  once 
turn  to  escape.  This  habit,  indicating  inquisitiveness  and  timid- 
ity, Mrs.  Mary  Treat  informs  me  that  she  has  herself  witnessed, 
in  the  woods  at  May's  Landing,  N.  J. 

I  have  received  statements  from  long  residents  which  make  it 
highly  probable  that  the  Pine  Snake  lays  its  eggs  in  the  sandy 
soil,  where  it  is  dry,  and  of  course  somewhat  higher  than  the 
swamps  and  streams.  Also,  I  believe  that  the  skunk  (Mephitis 
chinga)hs^  much  to  do  with  keeping  down  the  increase  of  Pituo- 
phiSy  it  being,  in  the  Pines  of  New  Jersey,  somewhat  expert  in 
finding,  and  voracious  in  devouring  the  eggs  of  this  snake. 

Desirous  to  know  whether  the  Pine  Snake  does  carry  the  vin- 
dictiveness  towards  the  rattlesnake  imputed  to  it,  and  any  other 
facts  that  might  help  to  a  knowledge  of  the  life-history  of  the 
species,  I  would  be  glad  to  see  notes  on  this  subject  contributed 
to  the  Naturalist,  either  directly,  or  through  the  present  writer. — 
Samuel  Lock  wood.  Freehold^  N.  J. 

A  Literary  Gem. — In  that  comedy  of  errors  which  one  C.  G. 
Giebel  caused  to  be  printed  under  the  title  of  Thesaurtis  OmithoU 
ogice — that  treasury  of  blunders — it  is  hard  to  select  the  cham- 
pion error.  But  the  gem  of  this  precious  collection  is  perhaps  at 
p.  96,  where  we  read  : — ''Lining,  J.,  extract  of  a  letter  with  his 
answers  to  several  queries  sent  to  him  concerning  his  experiments 
of  electricity  with  a  kite  (Falco). — Philoa.  Transact.  1755,  xlviii, 
757." 

Shade  of  Ben.  Franklin  !  —with  a  kite  1 1  —Falco !  I !  Why  did 
not  the  accurate  and  scholarly  Giebel  say  FaJco  longicavdatus — 
for  the  kind  of  "kites"  referred  to,  as  every  little  boy  knows, 
have  several  yards  of  tail !  This  ornithological  item  is  given  under 
head  of  "Anatomy  and  Physiology."  We  sighed,  and  mechani- 
cally turned  the  leaves  back  to  look  under  "  B  "  for  Burton's  Anat- 
omy of  Melancholy^  but  the  inconsistent  Giebel  had  overlooked 
this ;  perhaps  he  thought  his  book  sad  enough  already.    We  beg 
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to  respectfbllj  suggest  the  following  ornithological  titles  for  his 
next  edition : — 

Thackbrat,  W.  M.  Adventures  of  Timothy  Titmarsh  {Parui 
pcUustris). 

Husband,  A.  Letter  to  his  Little  Dnck  {Anas)  of  a  Wife 
(sponsa),  enquiring  whether  the  Baby  is  still  a  Creeper  (Certhia). 
[N.  B.  If  «Dr.  Giebel  should  be  in  doubt  under  which  one  of  his 
xxxiii  headings  this  title  should  come,  he  might  put  it  under 
"Propagatio"  or  under  "Monographs  of  Families."] 

PoLiOEifAN,  A.  On  the  Jayl-birds  (Oarrulus)  and  Gutter-snipes 
(Scolopax  guUuralis)  of  the  metropolis ;  or,  how  to  go  on  a  Lark 
(Alauda). 

Giebel,  C.  G.  Ornithological  evidences  of  Lunacy  (Loon-icy, 
Colymbuagladalis), 

The  European  Cabbage  Butterfly  probably  made  its  appear- 
ance in  the  neighborhood  of  Cleaveland,  Ohio,  during  the  season 
of  1873,  but  its  ravages  did  not  attract  special  attention  till  the 
summer  of  1874,  when  many  thousands  of  dollars  were  lost  by 
the  wholesale  destruction  of  cabbages  and  cauliflowers  in  this 
section.  We  have  also  received  notice  of  similar  devastation 
among  these  plants  in  Western  Pennsylvania  (1874),  probably 
caused  by  the  larvaB  of  this  same  insect  pest.  Fortunately  for  the 
vegetable  gardeners,  however,  the  active  European  parasite  of  the 
Pieris  is  also  on  hand,  and  scarcely  less  than  ninety  per  cent,  of 
last  year's  cocoons  are  now  found  more  or  less  completely  filled 
with  individuals  of  the  bronzen  ichneumon-fly  known  v^Pteromalus 
puparum,  either  in  the  larval  or  pupa  state. — T.  B.  Comstock. 

The  Lark  Bunting.  —  While  with  the  Yellowstone  Expedition 
of  1873,  under  Gen.  Stanley,  I  collected  some  material,  amongst 
which  was  a  nest  of  the  Lark  bunting,  Calamospiza  bicolor 
Bonap.),  containing  three  eggs  of  the  same,  with  one  parasitic 
egg^  which  I  have  every  reason  to  believe  was  that  of  the  Crow 
Black  bird  {Mohthrus  pecoris  Swainson),  as  I  am  well  acquainted 
with  the  eggs  of  this  bird,  and  also,  because  it  was  found  at 
the  same  localities,  where  the  Lark  bunting  seemed  to  settle. 
The  nests  of  the  latter  were  generally  found  at  the  head-waters 
of  the  various  streams  running  either  into  the  Heart  or  Big 
Knife  Rivers,  in  fact  so  close  to  the  springs  that  in  many  places 
the  ground  was  nK>ist.  The  nests  which  I  found  were  generally 
under  or  amongst  tufts  of  grass,  or  other  shrubs  of  a  stunted 
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character.  Mr.  Allen,  who  accompanied  us,  has  probably  de- 
scribed the  nests  and  eggs,  ere  this,  so  I  will  not  go  into  details. 
— W.  Hoffman,  M.D. 

QEOLOGY  AND   PAliEONTOLOGY. 

On  the  Order  Amblypoda. — Prof.  Cope  recently  read  a  paper 
on  the  structure  of  the  feet  of  Bathmodon,  showing  that  they  re- 
sembled in  many  points  those  of  the  Elephants  but  differed  in 
others.  He  finds  five  toes  on  each  foot,  which  are  very  short  and 
furnished  with  small  transverse  hoofs.  The  bones  of  the  carpus 
resemble  closely  those  of  Toxodontia.  In  the  hind  foot  the 
arrangement  is  like  that  of  the  Elephants  except  that  the  navic- 
ular bone  is  withdrawn  to  the  outer  side  so  as  to  bring  the  cuboid 
and  one  cuneiform  bone  into  contact  with  the  astragalus.  On  the 
characters  thus  ascertained  he  based  the  definition  of  a  new  order 
of  mammals.  The  Amblypoda  which  presents  two  sub-orders,  the 
Pantodonta  represented  by  Bathmodon,  and  the  Dinocerata  rep- 
resented by  Uintatherium. 

ANTHBOPOLGGY. 

Perforation  of  the  Humerus  conjoined  with  platycnemism. 
— Associated  with  that  extreme  development  of  platycnemism 
discovered  by  the  writer,  some  years  ago,  in  the  ancient  mounds 
on  the  Detroit  and  Rouge  Rivers,  Michigan,  he  has  found  the  per- 
foration of  the  humerus.  Allusion  is  made  to  that  peculiarity  of 
the  arm  bone  in  which  is  presented  a  communication  of  the  two 
fossae  at  its  lower  end.  It  is  difficult  to  arrive  at  the  exact 
amount  of  the  percentage  to  which  this  prevails  in  these  mounds ; 
though  there  can  be  little  doubt  that  at  least  50  per  cent,  of  the 
humeri  have  this  characteristic.  This  is  of  interest  as  being  in 
excess  of  that  from  the  mounds  in  other  parts  of  the  country, 
where  it  is  calculated  as  being  only  81  per  cent.  It  is  a  character- 
istic which,  significantly  enough,  exists  in  the  ape,  pertains  to  the 
negro  in  a  large  degree,  while  it  is  very  rarely  encountered  in  any 
of  the  white  races. 

In  a  letter  received  last  year  from  Prof.  Busk,  F.  R.  S.,  he  at- 
taches importance  to  the  writer's  discovery  of  this  conformation 
of  the  humerus  being  a  peculiarity  of  platycnemic  man,  and  states 
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that  he  does  not  think  such  a  coincidence  has  been  noticed  else- 
where. At  any  rate  it  has  not  been  so  absolutely  established 
heretofore. 

Transitional  states  of  the  characteristic,  if  they  may  be  so 
called,  are  also  seen  in  the  Rouge  River  mound ;  that  is,  instances 
in  which  the  communication  between  the  fossffi  is  not  quite  com- 
pleted, the  dividing  wall  being  reduced,  in  some  cases  to  a  very 
thin  partition,  almost  transparent.  Even  where  the  perforation  is 
accomplished,  there  is  a  great  variation  in  the  size  of  the  aperture* 
—  Hbnrt  Gillman,  Detroit^  Michigan. 

MICROSCOPY. 

Atlas  der  Diatomaceen  kunde.— By  Adolf  Schmidt,  assisted 
by  Griindler,  Grunow,  Janesch,  Weissflog  and  Witt.  Publishing 
in  parts,  each  with  four  plates.  To  be  completed  in  from  twenty- 
five  to  thirty  parts.  Three  parts  of  this  magnificent  work  have 
been  received.  Each  plate  contains  from  fifteen  to  forty  figures. 
The  plates  are  from  photographs  of  original  drawings,  reproduced 
by  some  one  of  the  processes  for  copying  photographs.  It  is  said 
that  nine  thousand  drawings  have  been  prepared  for  the  work. 
Size  of  the  plates,  fourteen  by  nine  and  one-half  inches. 

It  seems  to  be  the  aim  of  the  editors  to  give  every  known  vari- 
ation of  each  species  of  Diatom.  For  example,  plate  seven  has 
forty  variations  of  the  type  Navicula  Smithii  Breb.  :=  N.  elliptica 
W.  S.  Other  genera  and  species  are  treated  in  the  same  manner. 
Two  plates  with  eighty-nine  figures  are  devoted  entirely  to  the 
panduriform  Navicula.  The  editors  are  the  most  renowned  stu- 
dents of  this  department  of  natural  history  in  Germany,  and  the 
work  will  be  indispensable  to  all  workers  in  this  country,  to 
whom  the  writings  of  the  German  diatomists  have  been  almost 
inaccessible,  scattered  as  they  are  among  the  German  periodicals, 
while  for  the  bibliomaniac  it  will  supply  one  of  the  great  books  of 
the  age.~C.  S. 

Measurement  op  Moller's  Probe  Platte.^ — Mr.  A.  F.  Dod^ 
Secretary  of  the  Memphis  Microscopical  Society^  Memphis^  Ten- 
nessee. Dear  Sir:  I  have  this  day  finished  the  measurement  of 
your  probe-platte.  No.  5S6.  The  first  thirteen  were  measured 
on  the  evening  of  March  twenty-ninth,  by  lamp-light ;   the  rest . 

1  Read  before  tbe  Memphis  Microscopical  Society,  AprU  15, 1870. 
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were  measnred,  and  the  thirteenth  was  remeasured  this  morning 
by  sunlight.  A  heliostat  was  used  to  give  a  steady  beam  of  light, 
and  blue  glass  to  make  it  monochromatic.  The  index  error  of  the 
cobweb  micrometer  was  redetermined  for  the  occasion ;  three  ob- 
servations gave  ^,  /y,  ^,  revolutions  respectively.  This  cor- 
rection was  applied  in  all  the  calculations.  All  measurements 
were  repeated ;  all  the  striaB  measured  were  counted  at  least  twice. 
In  the  first  five  diatoms,  as  is  well  known,  the  strise  are  not  of 
uniform  fineness  all  over  the  surface  of  the  frustule ;  in  these,  one 
of  the  measurements  is  made  at  the  coarsest'  stnution  which  was 
noticed  on  the  frustule ;  and  another  was  made  on  the  same  strice^ 
but  at  the  point  where  they  converge  nearest  to  each  other.  Care 
was  taken  not  to  be  deceived  by  spectral  lines.  An  immersion 
sixteenth,  by  Tolles,  having  a  maximum  angle  of  178  degrees,  was 
used  in  all  the  measurements : 
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86.  Plenrosfgma  ftiBOiola,        ...       17  counted   58.2  in  1-1000  inch. 

87.  Sarirella  gemma;  longitudinal  stria,     tt       *'         66.9    **     **       " 

88.  ««  "  ....       U       •*         67.8    "     "       " 

89.  Cymatiplearaelliptica,      .       .       .      8i      <<         es^    **     *"      ** 

40.  **  ««....       88       '*         681    "     **       " 

41.  Naylcnla  craasinenris,       .       .       .      81       •*         88.9    "     "       ** 

42.  "  "  ....       22       "  86.2    "      "       *♦ 
48.  Nitschta  curmla,         ....       20      ••         90.1    "     "       " 

44.  "  "  ....       26       "  89.8    "      "       •* 

45.  Ampblpleuia  pellncida,  .       .       80       <<         88.4    "     *'       *' 

46.  "  "        ....       17       "  96.1     "      "       ** 

47.  "  '*....       28       **  96.0    "      "       " 

48.  «*  «*....       27       "  964    "      •*        " 

In  case  you  should  at  any  time  require  it,  I  can  specify  more  in 
detail  what  part  of  eacli  frustule  was  subjected  to  measurement. 
I  have  given  all  the  observations  in  order  that  by  comparing  them, 
you  may  see,  in  the  case  of  the  coarse  diatoms  which  are  very 
easy  to  measure,  the  amount  of  variation  in  coarseness  on  the 
same  frustule ;  and,  in  case  of  the  finer,  which  more  easily  admit 
of  some  error  in  measurement,  the  degree  of  accuracy  shown  by 
the  accordance  of  different  observations. 

It  is  not  till  I  shall  have  measured  several  copies  of  Moeller's 
probe-platte,  that  it  will  be  proper  or  worth  while  to  make  any  de- 
tailed comparisons  of  the  results.  It  may,  however,  be  remarked 
that  the  two  specimens  of  T.  favus  differ  as  much  as  nineteen  or 
twenty  per  cent.  Two  vary  from  fifteen  to  twenty  per  cent ;  two 
vary  from  ten  to  fifteen  per  cent ;  six  vary  from  five  to  ten  per 
cent;  ten  vary  less  than  five  per  cent;  as  compared  with  my 
probe-platte.  The  average  variation  between  the  measurements 
of  the  corresponding  diatoms  of  the  two  plates  is  six  and  nine- 
tenths  per  cent;  the  average  of  all  the  variations  shows  your 
platte  to  have  its  fVustules  five  per  cent,  finer  than  mine.  The. 
samples  of  Amphipleura  peUucida  on  the  two  plates  agree  within 
three  and  two-tenths  per  cent.  —  Ve}*y  truly  yoursy  Edward  W. 
MoKLET,  Hfidsonj  0.,  April  10,  1875. 

Aherican  Association. — A  full  representation  of  those  inter- 
ested in  the  microscope  is  especially  desirable  at  the  Detroit  meet- 
ing of  the  A.  A.  A.  S.,  commencing  on  the  11th  of  next  August, 
as  it  is  desired  to  take  steps  toward  the  organization  of  a  Micro- 
scopical Society,  either  as  a  separate  society  or  club,  or  as  a  sul>- 
section  of  the  large  Association.  There  is  a  very  general  desire 
for  a  society  of  American  microscopists,  and  it  is  believed  that 
such  a  society  can  obtain  general  attendance  from  the  whole 
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country  only  at  the  time  and  place  of  meeting  of  the  A.  A.  A.  S., 
to  say  nothing  of  the  other  very  great  advantages  of  meeting  in 
connection  with  that  prominent  organization. 

NOTES. 

The  Boston  Daily  Advertiser,  in  a  recent  criticism  on  the 
"  Statement  of  the  Theory  of  Education  in  the  United  States  of 
America,"  a  pamphlet  issued  hy  the  Bureau  of  Education  in 
Washington,  offers  the  following  forcible  remarks,  which  illustrate 
very  fairly  how  favorably  the  educational  ideas  of  our  best  scien- 
tific men  are  received  by  the  intelligent  part  of  the  community : 

"  Another  point  hinted  at  by  the  pamphlet  is  the  excessive  regard 
paid  to  the  text-book.  The  general  system  of  instruction  lays 
special  emphasis  on  the  use  of  text-books,  and  the  prevalent  ten- 
dency is  toward  giving  the  pupil  an  initiation  into  the  method  of 
using  the  printed  page  in  the  form  of  books  and  periodicals  for 
the  purpose  of  obtaining  information  fVom  the  recorded  experience 
of  his  fellow-men,  but  in  many  schools  and  systems  of  schools, 
equal  or  greater  stress  is  laid  upon  the*  practical  method  of  con- 
ducting investigations  for  the  purpose  of  verification  and  of  origi- 
nal discovery.  We  presume  that  the  last  clause,  though  rather 
obscure,  points  at  object  lessons,  field  study  and  the  use  of  the 
laboratory,  but  the  words  employed  elsewhere,  "the  prevailing 
custom  in  American  schools  is  to  place  a  book  in  the  hands  of  the 
child  when  he  first  enters  school,  and  to  begin  his  instruction  with 
teaching  him  how  to  read,"  sufficiently  express  the  fundamental 
notion  of  practical  education  as  it  prevails  in  America.  The  omis- 
sion, on  the  one  hand,  of  a  public  Kindergarten  as  initiatory,  and  • 
the  close  succession  of  text-books  in  every  department  of  study, 
expose  one  evil  in  our  system  which  is  nots  likely  to  be  eradicated 
by  any  formal  enactment  or  introduction  of  new  systems,  but  only 
by  the  gradual  emancipation  of  the  human  mind  from  its  present 
subjection  to  the  printing-press.  The  extent  to  which  the  present 
system  is  carried  is  appalling  when  we  consider  it  fairly.  The 
teacher  is  in  danger  of  being  buried  under  the  accumulation  of 
text-books;  not  only  the  whole  field  of  experimental  science  is 
still  largely  in  bondage  to  the  printed  page,  but  the  whole  field  of 
scientific  observation  is  in  danger  of  being  cultivated  through  the 
medium  of  text-books  which  do  not  tend  to  lead  the  young  student 
to  nature,  but  ofiTer  themselves  as  a  substitute  for  nature.  We 
look  indeed  to  natural  science  and  natural  history  as  the  appointed 
means  for  fV'eeing  the  human  mind  in  this  direction.  The  teacher 
who  learns  to  instruct  his  classes  by  direct  observation  of  nature 
will  begin  to  apply  the  same  principle  in  other  departments  of 
study.    English  literature,  for  example,  will  be  taught  less  by 


Digitized  by  VjQQOlS 


482  NOTES. 

means  of  text-books  about  the  subject  than  by  direct  contact  with 
literature  itself." 

The  Bulletin  of  the  U.  S.  Geological  and  Geographical  Survey 
of  the  Territories,  F.  V.  Hayden  in  charge  (No.  4,  second  series, 
June  10,  1875),  contains  "Notes  on  the  Surface  Features  of  the 
Colorado  or  Front  Range  of  the  Rocky  Mts. ;"  by  F.  V.  Hayden, 
illustrated  with  fine  panoramic  views  of  the  Colorado  Mountains. 
"The  Tertiary  Physopoda  of  Colorado,"  by  S.  H.  Scudder,  and 
"Outlines of  a  Natural  Arrangement  of  the  Falconidae,"  by  Rob- 
ert Ridgway,  with  numerous  outline  cuts.  We  have  also  received 
a  "  Preliminary  Map  of  Central  Colorado,  showing  the  region  sur- 
veyed in  1873-4,"  by  Hayden's  Geological  and  Geographical 
Survey  of  the  Territories. 

The  "Annual  Record  of  Science  and  Industry  for  1874,"  edited 
by  Spencer  F.  Baird,  with  the  assistance  of  eminent  men  of  sci- 
ence, has  recently  been  published  by  Harper  &  Brothers.  It  is  a 
large  12mo  of  665  pages.  This  annual  has  met  with  the  approval 
of  scientific  as  well  as  general  students,  and  is  the  most  reliable 
and  convenient  book  of  the  sort  published  in  the  language.  Sev- 
eral new  features  have  l>een  introduced,  which  make  the  present 
volume  still  more  useful  than  its  predecessors. 

In  an  article  in  the  "  American  Journal  of  Science,"  for  May, 
"  On  Dr.  Koch's  Evidence  with  regard  to  the  Cotemporari^ity  of 
Man  and  the  Mastodon  in  Missouri,"  Professor  Dana,  on  a  review 
of  the  evidence,  thinks  there  is  sufiQcient  reason  for  regarding  Dr. 
Koch^a  evidence  very  doubtful^  but  that  fiiture  discoveries  will  es- 
tablish man's  contemporaneity  with  the  mastodon,  for  he  existed 
in  Europe  long  before  the  extinction  of  the  American  mastodon. 

Sachs*  elaborate  and  comprehensive  "Text-book  of  Botany, 
Morphological  and  Physiological,  has  been  translated  and  anno- 
tated by  Alfred  W.  Bennett,  assisted  by  W.  T.  Thiselton  Dyer, 
both  excellent  authorities.  The  work  is  published  in  sumptuous 
style  by  Messrs.  Macmillan.  Price  $12.50.  Received  from  A.  A. 
Smith  &  Co.,  Salem.    For  sale  by  Lee  &  Shepard,  Boston. 

A  VALUABLE,  illustrated  article  on  the  Potato  rot,  by  Professor 
W.  G.  Farlow,  appears  in  the  "Bulletin  of  the  Bussey  Institu- 
tion," Part  iv. 
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For  nearly  a  handred  years  it  has  been  known,  through  the 
qnaint  accounts  of  the  early  voyagers,  that  certain  tribes  of 
southern  Alaska  preserved  the  bodies  of  their  dead.  Up  to  a 
very  recent  period,  however,  no  examples  of  this  practice  had 
reached  any  ethnological  museum,  or  fallen  under  the  observation 
of  any  scientific  observer.  When  the  territory  was  purchased, 
had  it  continued  as  Accessible  as  during  1868,  it  might  have  rea- 
sonably been  expected  to  attract  many  investigators  in  Natural 
History  and  Ethnology,  whose  chief  difficulty  would  have  been  an 
embarras  de  richease.  But  private  interest  and  public  indifiference 
united  to  seal  it  up  from  inspection.  Naturalists  generally  are 
less  easily  muzzled  than  poorly  paid  political  appointees,  and 
hence  the  obstacles  thrown  in  the  way  of  exploration  have  been 
so  great  that  we  can  hardly  wonder  that  so  few  have  been  able  to 
enter  this  rich  and  interesting  field. 

During  the  last  four  or  five  years,  the  investigations  of  M. 
Alphonse  Pinart,  and  of  the  winter,  have  spread  .among  the  resi- 
dents of  the  territory  some  knowledge  of  the  value  attached  to 
the  ethnological  material  which  surrounds  them,  and  to  this  fact 
we  owe  the  collection  and  preservation  of  much  that  is  of  interest. 
Among  other  things  which  have  come  to  hand  in  this  manner  are 
the  only  specimens  of  Alaskan  mummies  extant. 

Entered,  aocordlng  to  Aet  of  ConirreM,  in  the  year  1875.  by  ttie  Pbabodt  Aoadimt  of 
SciBifCC,  In  tiie  Offloe  of  the  Librarian  of  Oonirresa,  at  Wasblngton. 

AMBR.  NATURALIST,  VOL.  IX.  88  (488) 
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The  practice  of  preserving  the  bodies  of  the  dead  was  in  vogue 
among  the  inhabitants  of  the  Aleutian  Islands  and  the  Kadiak 
archipelago  at  the  time  of  their  discovery,  and  probably  had  been 
the  custom  among  them  for  centuries.  We  find  nothing  of  it  on 
the  mainland.  It  is  curious  to  trace  the  customs  of  the  wild  tribes 
in  this  respect  in  connection  with  their  external  surroundings.  In 
the  Chukchee  peninsula  on  the  Asiatic  side  of  Bering  Strait,  there 
is  no  soil  in  many  places.  The  substratum  of  grf^iitoid  rock  is 
broken  by  the  fk'ost  into  hundreds  of  angular  fragments,  which  are 
covered  with  a  thin  coating  of  various  mosses,  which  may  be 
stripped  off  in  great  pieces  like  a  blanket.  There  are  no  trees 
and  but  little  driftwood.  Burial  is  impracticable,  cremation  im- 
possible, and  the  natives  expose  their  dead  on  some  hillside  to  the 
tender  mercies  of  bears,  dogs  and  foxes. 

In  the  Yukon  valley  at  a  short  distance  below  the  surface  the 
soil  is  permanently  frozen,  and  excavation  without  iron  tools  ex- 
tremely difficult.  But  timber  abounds,  and  the  bodies  of  the 
dead,  doubled  up  to  economize  space,  are  placed  in  wooden  coffins 
which  are  secured  without  nails  and  elevated  above  the  surface  of 
the  earth  on  four  posts.  To  scare  away  wild  beasts  poles  are 
frequently  erected  around  the  coffin,  bearing  long  strips  of  fur  or 
cloth  which  are  agitated  by  the  wind. 

The  poor  and  friendless  may  be  simply  covered  with  a  pile  of 
logs,  secured  by  heavy  stones ;  but  in  general  the  method  is  as 
above.  Various  modifications  are  found  in  various  localities ;  the 
coffin  on  the  lower  Yukon  is  sometimes  filled  in  with  clay,  packed 
hard;  and  the  Nowikakhat  Indians  sometimes  place  their  dead 
erect,  surrounded  by  hewn  timbers  secured  like  the  staves  of  a 
cask. 

On  the  islands  the  soil  is  unfrozen  and  there  are  no  obstacles  to 
digging.  But  wood  is  only  found  on  the  shores,  drifted  by  the 
ocean  currents,  and  usually  not  in  large  quantities.  However 
there  are  no  wild  animals  to  disturb  the  remains;  the  beetling 
clifi^  which  are  found  on  every  hand,  shattered  by  frequent  earth- 
quakes, afford  in  the  talus  of  broken  rock  at  their  bases,  abundant 
and  convenient  rock-shelters.  Here  the  natural  depositories  exist, 
of  which  the  natives  have  availed  themselves.  On  all  these  cus- 
toms, originally  prompted  by  the  bare  necessities  of  the  case,  the 
slow  development  of  sentiment  and  feeling  (which  undoubtedly 
does  take  place  in  savage  people,  though  we  may  not  be  able  to 
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trace  its  growth)  has  grafted  animistic  ideas,  and  semi-religious 
rites  and  ceremonies.  Thus,  the  original  utilitarianism  is  more  or 
less  completely  masked  or  concealed.  It  is  a  singular  fact  that 
no  people  have  ever  adopted  the  plan  of  committing  their  dead  to 
the  sea. 

Without  attempting,  at  present,  to  trace  the  growth  of  the  cus- 
tom, I  will  briefly  describe  the  method  adopted  by  the  Kaniag  and 
Aleut  branches  of  the  Eskimo  stock,  in  preserving  the  dead. 
The  details  are  partly  given  in  the  older  voyages ;  and  have  been 
confirmed  and  supplemented  by  an  examination  of  a  large  number 
of  the  mmnmies,  and  the  traditions  of  the  present  natives. 

The  body  was  prepared  by  making  an  opening  in  the  pelvic  re- 
gion and  removing  all  the  inteiiial  organs.  The  cavity  was  then 
filled  with  dry  grass  and  the  body  placed  in  running  water.  This 
in  a  short  time  removed  most  of  the  fatty  portions,  leaving  only 
the  skin  and  muscular  tissues.  The  knees  were  then  brought  up 
to  the  chin,  and  the  whole  body  secured  as  compactly  as  possible 
by  cords.  The  bones  of  the  arms  were  sometimes  broken  to  facil- 
itate the  process  of  compression.  In  this  posture  the  remains 
were  dried.  This  required^a  good  deal  of  attention,  the  exuding 
moisture  being  carefully  wiped  off  from  time  to  time.  When 
thoroughly  dried  the  cords  were  removed  and  the  body  usually 
wrapped  in  a  shirt,  made  of  the  skins  of  aquatic  birds  with  the 
feathers  on,  and  variously  trimmed  and  ornamented  with  exceed- 
ingly fine  embroidery.  Over  this  were  wri4)ped  pieces  of  matting 
made  of  Elymtts  fibre,  carefhlly  prepared.  This  matting  varies 
firom  quite  coarse  to  exceedingly  fine,  the  best  rivalling  the  most 
4elicate  work  of  the  natives  of  Fayal.  It  is,  indeed,  quite  impos- 
sible to  conceive  of  finer  work  done  in  the  material  used. 

The  matting  was  frequently  ornamented  with  checks  and  stripes 
of  colored  fibre,  with  small  designs  at  the  intersections  of  the 
stripes,  and  with  the  rosy  breast-feathers  of  the  LettcosUcte  sewed 
into  it.  Over  this  sometimes  a  water  proof  material,  made  fh>m 
the  split  intestines  of  the  sea  lion  sewed  together,  was  placed. 
The.  inner  wrappings  vary  in  number  and  kind  but  they  are  all  re- 
ferrible  to  one  or  the  other  of  the  above  kinds.  Outside  of  these 
were  usually  the  skins  of  the  sea  otter  or  other  fur  animals,  and 
the  whole  was  secured  in  a  case  of  sealskins,  coarse  matting  or 
similar  material  secured  firmly  by  cords  and  so  arranged  as  to  be 
capable  of  suspension. 
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The  cage  was  sometimes  cradle  shaped,  especially  when  the 
body  was  that  of  an  infant.  On  these  occasions  it  was  often  of 
wood,  ornamented  as  highly  as  their  resources  would  allow, 
painted  with  red,  blue  or  green  native  pigments,  carved,  adorned 
with  pendants  of  carved  wood  and  suspended  by  braided  cords  of 
whale  sinew  from  two  wooden  hoops,  like  the  arches  used  in  the 
game  of  croquet. 

The  innermost  wrapping  of  infants  was  usually  of  the  finest 
fur,  and  from  the  invariable  condition  of  the  contained  remains  it 
is  probable  that  the  bodies  were  encased  without  undergoing  the 
process  previously  described.  The  practice  of  suspension  was 
undoubtedly  due  to  a  desire  to  avoid  the  dampness  induced  by 
contact  with  the  soil.  The  bodies  of  infants  thus  prepared  were 
often  retained  in  the  house,  by  the  fond  mother,  for  a  long  time. 
Afterwards  they  were  sometimes  suspended  in  the  open  air :  but 
adults  were  as  far  as  I  have  been  able  to  find  out,  invariably  con- 
signed  to  caves  or  rock-shelters. 

Among  the  localities  which  have  been  visited  personally  by  the 
writer,  are  caves  in  Unga,  one  of  the  Shumagin  Islands,  and 
others  on  the  islands  of  Aroaknak  an^  Atka,  further  west.  In 
all  of  these  the  remains  of  mummies  existed ;  but  the  effect  of 
falling  rock  fh>m  above,  and  great  age,  had  in  all  the  caves  except 
that  of  Unga,  destroyed  the  more  perishable  portions  of  the  re- 
mains, and  in  the  latter  place  only  fhtgments  remained. 

Many  stories,  however,  came  to  hand  in  relation  to  a  cave  on 
the  '^Islands  of  the  Four  Mountains"  west  of  Unalashka,  where 
a  large  number  of  perfectly  preserved  specimens  were  said  to  ex- 
ist, in  relation  to  which  the  following  legend  was  current  among 
the  natives. 

Many  years  ago^  there  lived  on  the  island  of  Kag^mil  (one  of 
the  Four  Mountains)  a  celebrated  chief  named  Eat-hay-a-kut-chak, 
small  of  stature  but  much  feared  and  respected  by  the  adjacent 
natives  for  his  courage  and  success  in  hunting.  He  had  a  son 
whom  he  fondly  loved,  and  who  was  about  fifteen  years  old.  For 
this  son  he  made  a  bidarka  (or  skin-boat)  highly  ornamented  and 
of  small  size.  When  it  was  finished,  the  boy  entreated  his  father 
for  permission  to  try  it,  and  after  much  coaxing  was  permitted  to 
do  so,  on  condition  that  he  did  not  go  far  fh>m  the  shore.     After 

&  The  date  is  fixed  as  being  the  fall  before  the  spring  in  which  the  first  Bossians  made 
their  appearance  at  theee  islands,  about  1760. 
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seeing  the  boat  safely  launched  the  father  sat  on  the  hillside 
watching  its  progress.  The  boy  became  interested  in  the  pursuit 
of  a  diving  bird  at  wliich  he  threw  his  dart  and  which  receding 
firom  the  shore  carried  the  boy  away  in  pursuit,  forgetful  of  his 
promise. 

His  father  shouted  to  him  but  the  boy  was  too  far  away  to  hear, 
and  presently  it  becoming  dusk,  he  could  no  longer  see  him  and 
the  chief  returned  to  his  dwelling. 

The  boy  did  not  become  conscious  of  the  distance  he  had  pad- 
dled until  out  of  sight  of  his  own  island,  and  in  the  darkness  he 
made  for  the  nearest  shore. 

In  those  days  an  Aleut  marrying  into  another  family  was  accus- 
tomed to  leave  his  wife  with  her  people,  at  least  for  a  certain  time  ; 
and  a  native  of  another  island  who  had  married  a  daughter  of  the 
chief  was  on  his  way  to  visit  his  wife  when  he  saw  a  little  canoe 
in  front  of  him  and  recognized  his  little  brother-in-law.  The  boy 
did  not  however  recognize  the  native,  and  supposing  himself  pur- 
sued paddled  away  as  fast  as  he  could.  The  brother-in-law  tried 
to  frighten  him  by  throwing  darts  at  his  canoe,  and  threw  one  so 
carelessly  that  it  hit  the  boy's  paddle  and  his  canoe  overturned. 
The  brother-in-law  made  all  speed  to  catch  up  with  him  and  at- 
tempted to  right  the  boat ;  but  he  could  not  do  it,  the  boy,  as  is 
the  custom,  being  tied  into  the  aperture  in  the  top ;  until,  when  he 
did  succeed,  he  found  that  the  boy  was  dead.  His  grief  may  be 
imagined,  and  at  first  he  thought  of  abandoning  the  canoe  where  it 
was,  but  on  reflection  he  took  it  to  the  landing  at  Eagdmil  and  se- 
curing it  in  the  kelp,  that  it  might  not  float  away,  he  returned  to 
his  own  island  without  having  seen  his  wife. 

In  the  morning  the  chiefs  servants  brought  it  in,  and,  to  his 
great  sorrow,  Eat-hay-a-kut^hak  recognized  his  beloved  son. 

He  caused  the  body  to  be  prepared  for  burial,  and  when  the 
preparation  was  complete  he  sent  for  all  the  people  of  the  Four 
Mountain  Islands  to  unite  in  the  ceremonies  of  depositing  the 
body  in  the  place  where  the  Aleuts  were  used  to  put  their  dead. 
The  people  collected,  and  together  with  the  chief  and  his  family 
formed  in  procession,  with  songs  of  lamentation,  beating  the 
native  tambourines  on  the  way  to  the  burying  place.  It  was 
autumn  and  some  snow  was  on  the  ground  which  the  warm  sun 
had  partially  melted.  On  the  road  lay  a  large  flat  stone.  The 
sister  of  the  boy,  who  was  great  with  child,  having  her  eyes  cov- 
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ered,  did  not  see  the  stone,  slipped,  and  fell,  injuring  herself  se- 
verely, and  bringing  on  premature  delivery,  which  caused  her 
death  with  that  of  the  Infant,  on  the  spot.  Now  the  poor  old 
chief  had  three  to  bury  instead  of  one.  So  he  ordered  the  pro- 
cession to  return  to  the  village,  bearing  the  dead  with  them. 

He  then  had  a  cave  near  hts  house,  which  had  been  used  as  a 
place  for  storage,  cleaned  out,  and  after  due  preparation,  the 
bodies  were  deposited  in  this  cave,  and  with  them  many  sea-otter 
skins,  implements,  weapons,  and  all  the  personal  effects  of  the 
dead.  He  then  distributed  presents  and  food  to  the  people,  saying 
that  he  intended  to  make  of  this  cave,  a  mausoleum  for  his  family ; 
and  that  when  be  himself  should  die  it  was  his  desire  to  be  placed 
there,  with  his  children.  He  then  told  them  to  eat  and  drink  as 
much  as  they  desired,  but  as  for  himself  he  should  fast  and  weep 
for  his  children.  His  wishes  were  carried  out,  and  he  was  placed 
in  the  cave  after  his  death,  and  since  that  time  the  Four  Mountain 
Islands  have  been  abandoned  as  a  place  of  residence  by  the 
natives  and  only  occupied  by  casual  parties  of  hunters. 

The  writer  attempted  in  1873  to  reach  this  locality,  but  bad 
weather  prevented  anchoring ;  as  the  shores  are  mostly  precipitous, 
and  there  are  no  harb€H*s.  In  the  summer  of  1874,  however,  the 
captain  of  a. trading  vessel  sent  there  to  take  off  a  party  of 
hunters,  was  guided  by  son>e  of  them  to  the  cave,  and  succeeded 
in  removing  all  the  perfect  mummies  and  such  implements  and 
other  ethnological  material  as  could  be  found.  Through  the  lib- 
erality of  the  Alaska  Com.  Co.  these  remains  have  been  received 
by  the  National  Museum  and  a  careful  and  detailed  account  of 
them  has  been  prepared. 

Most  of  the  mummies  were  wrapped  up  in  skins  or  matting  as 
previously  described,  but  a  few  were  encased  in  frames  covered 
with  sealskin  or  fine  matting,  and  still  retaining  the  sinew  grum- 
mets by  which  they  were  suspended.  These  cases  were  five-sided, 
the  two  lateral  ends  snbtriangular ;  the  back,  bottom  and  sloping 
top,  rectangular,  like  a  buggy  top  turned  upside  down. 

With  them  were  found  some  wooden  dishes,  a  few  small  ivory 
ings  and  toys,  a  number  of  other  implements,  but  no  weapons 
^pt  a  few  lance  or  dart  heads  of  stone.  Two  or  three  women's 
i  bags  with  their  accumulated  scraps  of  embroidery,  sinew, 
s  and  raw  materials  were  among  the  collection, 
^hile  space  will  not  suffice  here  to  describe  this  material  in 
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detail,  it  may  be  mentioned  that  it  contained  thirteen  complete 
mummies,  from  infants  to  adalts,  two  of  which  were  retained  in 
California ;  and  two  detached  skulls. 

None  of  the  material  showed  any  signs  of  civilized  influences, 
all  was  of  indigenous  production,  either  native  to  the  islands,  or 
derived  from  inter-native  traffic  or  drift  wood.  The  latter  com- 
prised a  few  pieces  of  pin^  resin  and  bark,  birch  bark,  and  frag- 
ments of  reindeer  skin  from  Aliaska  Peninsula. 

It  will  thus  be  seen  that  this  is  one  of  the  most  important  addi- 
tions to  our  knowledge  of  the  prehistoric  condition  of  these 
people.  So  far  as  the  specimens  differed  from  those  in  use  in 
more  modem  times  they  resembled  more  nearly  the  implements  in 
use  among  the  Eskimo  of  the  mainland.  The  remains  are  all 
those  of  true  aboriginal  Aleuts. 

The  Kaniagmut  £skimo,  inhabiting  the  peninsula  of  Aliaska, 
the  Eadiak  archipelago  and  the  islands  south  of  the  peninsula, 
added,  to  the  practice  of  mummifying  the  dead,  the  custom  of 
preparing  the  remains  in  some  cases  in  natural  attitudes,  dressing 
them  in  elaborately  ornamented  clothing  sometimes  with  wooden 
armor,  and  carved  masks.  They  were  represented,  women  as 
serving  or  nursing  children ;  hunters  in  the  chase,  seated  in  canoes 
and  transfixing  wooden  eflSgies  of  the  animals  they  were  wont  to 
pursue ;  old  men  beating  the  tambourine,  their  recognized  employ- 
ment at  all  the  native  festivals.  During  the  mystic  dances,  for- 
merly practised  before  a  stuffed  image,  the  dancers  wore  a  wooden 
mask  which  had  no  eye-holes,  but  was  so  arranged  that  they  could 
only  see  the  ground  at  their  feet.  At  a  certain  moment  they 
thought  that  a  spirit,  whom  it  was  death  or  disaster  to  look  upon, 
descended  into  the  idol.  Hence  the  protection  of  the  mask.  A 
similar  idea  led  them  to  protect  the  dead  man,  gone  to  the  haunts 
of  spirits,  from  the  sight  of  the  supernatural  visitor.  After  their 
dances  were  over  the  temporary  idol  was  destroyed. 

We  found  many  relics  of  this  practice  in  the  Unga  Caves. 

In  Eadiak  still  another  custom  was  in  vogue,  lliose  natives 
who  hunted  the  whale  formed  a  peculiar  caste  by  themselves. 
Although  highly  respected  for  their  prowess  and  the  important 
contributions  they  made  to  the  food  of  the  community,,  they  were 
considered  during  the  hunting  season  as  unclean.  The  profession 
descended  in  families  and  the  bodies  of  successful  hunters  were 
preserved  with  religious  care  by  their  successors.     These  mum- 
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mies  were  hidden  away  in  caves  only  known  to  the  possessors. 
A  certain  luck  was  supposed  to  attend  the  possession  of  bodies 
of  successful  hunters.  Hence  one  whaler,  if  he  could,  would  steal 
the  mummies  belonging  t<f  another,  and  secrete  them  in  his  own 
cave,  in  order  to  obtain  success  in  his  prpfession. 

While  M.  Pinart  was  in  Eadiak,  he  heai-d  of  the  existence  of 
one  of  these  mummies  but  was  unable  to  discover  the  locality. 
Afterwards  Mr.  Sheeran,  the  U.  S.  Deputy  Collector  of  the  port 
of  Kadiak,  through  a  peculiar  superstition  of  the  christianized  (?) 
natives,  was  able  to  discover  and  secure  it.  It  appears  that 
though  nominally  all  members  of  the  Greek  Church  they  still  have 
great  faith  in  the  superstitions  of  their  ancestors,  and  while  the 
whaleman's  superstition  has  passed  away,  the  natives  still  re- 
garded the  mummy  as  possessing  the  power  of  averting  the  ill 
nature  of  evil  spirits,  and  consequently  were  accustomed  to  take 
to  it  the  first  berries  and  oil  of  the  season.  This  they  asserted, 
the  mummy  ate,  as  the  dishes  were  always  empty  when  they  re- 
turned for  them.  Thus  annually,  they  Airnished  the  foxes  and 
spermophiles  with  a  feast.  By  watching,  when  the  spring  offeiing 
was  made,  the  locality  was  detected.  The  mummy  was  secured  by 
Mr.  Sheeran  and  placed  in  an  outbuilding  near  his  house.  During 
the  season  the  natives  came  to  him  and  remonstrated  at  his  not 
feeding  the  dead  man  sufficiently ;  for  he  had  been  seen  by  a 
native  watchman  one  foggy  night,  prowling  about  the  town,  pre- 
sumably in  search  of  food. 

This  mummy  was  only  covered  with  a  tattered  gut-shirt  or 
kamlayka,  was  in  a  squatting  posture,  and  held  in  his  hand  a 
stoneheaded  lance,  on  the  point  of  which  was  transfixed  a  mde 
figure  cut  out  of  sealskin,  supposed  by  the  natives  to  represent 
the  evil  spirits  which  he  held  in  cheek.  It  was  that  of  a  middle 
aged  man  with  hair  and  tissues  in  good  preservation. 
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VI.    T^E   POLYZOA. 
The  Polyzoa  or  moss  animals  derive  their  common  name  from 
their  resemblance  to  mosses.    For  example,  the  fresh  water  Frederi- 

Fig.  185. 

Fig.  186. 


Sea  mat. 


Fresh  water  Folyzoon. 

ceUa  Wakottii  (Fig.  185,  after  Hyatt)  would  easily  be  mistaken  for 
moss  growing  on  a  submerged  stick.  The  marine  species  have  small- 
rig.  187. 


Branching  Marine  Folyzoon. 

er  cells  and  form  mat-like  encrustations,  as  in  Membranipora  (Fig. 
186,  cells  enlarged)  ;  or  as  in  Myriozoum  aubgracUe  (Fig.  187), 
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they  form  a  coral-like  branching  mass.  On  magnifying  these  cells 
when  the  animal  is  alive  and  extended  from  its  cell,  each  polypide, 
as  it  is  called,  appears  with  its  crown  of  tentacles  somewhat  like  a 
Sabellid  worm.  This  cro?m  of  tentacles  surrounds  the  mouth, 
which  leads  by  an  oesophagus  into  the  throat  and  a  stomach,  the 
latter  bent  so  that  the  intestine  beyond  ends  very  near  the  mouth ; 
the  polypide  is  thus  bent  on  itself  within  the  cell  (cystid)  and  its 
body  is  drawn  in  and  out  by  muscles.  Attached  to  the  end  of  the 
fold  of  the  stomach  is  a  cord  (funiculus)  holding  the  ovary  in 
place,  which  extends  back  to  the  end  of  the  cystid,  as  we  may 
call  the  cell. 

Allman  regards  the  polypide  and  cystid  as  separate  individuals. 
Now  in  confirmation  of  this  view  we  have  the  singular  genus  Lox- 
osoma,  which  is  like  the  polypide  of  an  ordinary  Polyzoan,  but 
does  not  live  in  a  cell.  On  the  other  hand,  we  know  of  no  cystids 
which  are  without  a  polypide  (Nitsche). 

The  afiSnities  of  the  Polyzoa  to  the  worms  are  quite  decided. 
In  the  Phoronis  worm,  which  is  allied  to  Sipunculus,  we  have  the 
alimentary  canal  flexed,  and  the  anus  situated  near  the  mouth. 
The  Polyzoa  have  but  a  single  pair  of  nerve  ganglia,  and  in  some 
cases  a  tubular  heart.  The  fresh  water  species  are  the  higher, 
and  are  called  Phylactols^mata ;  the  marine  species  are  termed 
Gymnolaemata.  All  the  Polyzoa  are  hermaphrodite,  the  ovaries 
and  male  glands  residing  in  the  same  cystid. 

Development  of  the  Polyzoa, — Remembering  that  the  cystids 
stand  in  the  same  relation  to  the  polypides  as  the  hydroids  to  the 
medusae,  as  Nitsche  insists,  we  may  regard  the  polypides  as  sec- 
ondary individuals,  produced  by  budding  from  the  cystids.  The 
large  masses  of  cells  forming  the  moss  animal,  which  is  thus  a 
compound  animal,  like  a  coral  stock,  arises  by  budding  out  fh>m  a 
primary  cell.  The  budding  process  begins  in  the  endocyst,  or 
inner  of  the  double  walls  of  the  body  of  the  cystid,  according  to 
Nitsche,  but  according  to  an  earlier  Swedish  observer,  F.  A.  Smitt, 
fh>m  certain  fat  bodies  floating  in  the  cystid. 

Nitsche  has  observed  the  life  history  of  Fluatra  mernbranacea. 
He  has  traced  the  budding  of  one  cell  or  zooecium  (representing 
the  cystid  individual)  from  another.  During  this  process  the  poly- 
pide within  decays,  leaving  as  a  remnant  the  so-called  ^'brow^ 
body,"  regarded  by  Smitt  as  a  secretion  of  the  endocyst  and  germ 
of  a  new  polypide.    After  the  loss  of  its  flrst  polypide,  it  can  pro- 
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dace  a  new  one  by  budding  from  the  endocyst  on  the  side  of  the 
stomach.  In  Loxosoma,  young  resembling  the  adult,  bud  out  like 
polyps. 

Nitsche  does  not  regard  this  budding  process  as  an  dtemation 
of  generations,  but  states  that  in  Polyzoa  of  the  family  Yesicu- 
lariidse,  this  may  occur,  as  in  them  some  cystids  form  the  stem, 
and  others  (the  zocecia)  produce  the  eggs. 

The  Polyzoa  produce  winter  and  summer  eggs,  the  winter  eggs, 
called  statoUastSj  being  protected  by  a  hard  shell.    Fig.  188,  after 

Fig.  188. 


Egg  of  Pectinatella  magniflca. 


Hyatt,  repi*esents  the  winter  egg  of  Pectinatella  magnifica,  with 
spines.  These  winter  eggs  crowd  the  zocBcia,  and  may  be  found 
in  them  after  the  polypides  have  decayed. 

Grant  first  described  the  ciliated  young  of  the  Polyzoa.    The 
Swedish  naturalists,  Lov^n  and  Smitt,  have  described      Fig.  189. 
the  development  of  the  young  Lepralia  paUaaiana^ 
which,  after  passing  through  a  true  morula  condition, 
issues  from  the  egg  as  a  flattened  ciliated  sphere  with 
a  single  band  of  larger  cilia  surrounding  one  end. 

Our  figure  (189)  is  copied  from  Claparede's  memoir, 
and  represents  the  larva  of  Bugula  avicularia  imme-      poiyxooa 
diately  after  escaping  from  the  egg.    After  swimming        ^^^^ 
about  for  a  while  as  a  spherical  ciliated  larva,  with  a  bunch  of 
larger  cilia  (flagellum)  at  one  end,  it  elongates,  looses  its  cilia  and 
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flagellum,  and  soon  the  polypide  grows  inside,  the  stomach  and 
tentacles  arise,  and  finally  the  polypide  is  formed. 

In  conclusion,  the  Polyzoa  increase  (a)  by  budding,  (b)  by 
normal  eggs  and  winter  eggs.  In  reproducing  from  eggs  the 
young  passes  through : 

1.  Morula  state. 

2.  Trochosphere,  much  as  in  certain  worms  and  mollusks,  attain- 
ing the 

8.  Adult  condition  (zooacium). 
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VII.     THE   BRACHIOPODA. 

While  the  Brachiopods  have  been  regarded  by  many  as  closely 
related  to  the  Polyzoa,  there  are  many  features,  as  insisted  on  by 
Prof.  Morse,  which  closely  ally  them  to  the  Chsetopod  wonns.  In 
his  treatise  ^^On  the  systematic  Position  of  the  Brachiopoda,"  ^ 
Morse  has  given  conclusive  reasons  for  removing  them  from  the 
moUusks  and  placing  them  among  the  worms,  and  even,  in  his 
opinion,  among  the  Chsetopods,  the  highest  division  of  worms. 
He  thus,  after  giving  the  anatomical  facts  in  his  view  sustaining 
his  position,  concludes  that  ancient  Chaitopod  worms  culminated 
in  two  parallel  lines,  on  the  one  hand,  in  the  Brachiopods,  and 
on  the  other,  in  the  fixed  and  highly  cephalized  ChsBtopods. 

On  the  other  hand  Mr.  A.  Agassiz,  swayed  by  their  relationship 
to  the  Polyzoa,  remarks  that  "the  close  relationship  between 
Brachiopods  and  Bryozoa  cannot  be  more  fully  demonstrated  than 
by  the  beautiful  drawings  on  PI.  v.,  of  Kowalevsky's  history  of 
Thecidium.  We  shall  now  have  at  least  a  rational  explanation  of 
the  homologies  of  Brachiopods,  and  the  transition  between  such 
types  as  Pedicellina  to  Membranipora  and  other  incrusting  Bry- 
ozoa, is  readily  explained  from  the  embryology  of  Thecidium.     In 

> Proceedings  of  the  Boston  Society  of  Natural  History,  xv»  1873. 
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fact,  all  iDcrusting  Bryozoa  are  only  communities  of  Brachiopods, 
the  valves  of  which  are  continuous  and  soldered  together,  the  flat 
valve  forming  a  united  floor,  while  the  convex  valve  does  not 
cover  the  ventral  valve,  but  leaves  an  opening  more  or  less  orna- 
mented for  the  extension  of  the  lophophore."  * 

In  his  first  paper  on  the  "Earlier  Stages  of  the  Terebratulina" 
Morse  had  shown  the  same  relationship  between  the  young  Brach- 
iopod  and  the  Pedicellina. 

The  two  commonest  forms  on  our  coast  are  the  TerebrcUulina 
B^tentrionalia^  found  attached  to  stems  or  shells  in  the  seas  of 
New  England,  while  the  LingvXa  pyrimidata  (Fig.  190,  A,  with  the 
peduncle  perfect,  retaining  a  portion  of  the  sand  tube ;  B,  showing 
the  valves  in  motion,  the  peduncle  broken  and  a  new  sand  case  be- 

Pig.  190. 
C  B  A 


Lingnla  pyrimidata.    After  Mone. 

ing  formed ;  C,  the  same  with  the  peduncle  broken  close  to  the  body, 
after  Morse)  is  common  in  sand  between  tide  marks,  from  North 
Carolina  to  Florida.    It  is  usually  free,  but  sometimes  attached. 

Development  of  the  Brachiopods.  The  life-history,  from  the 
time  that  it  leaves  the  egg  until  it  attains  maturity,  of  our  com- 
mon lampshell,  Terebratulina  aeptentrionaHs,  has  been  told  by  Prof. 
Morse.  Before  his  account  appeared  our  knowledge  was  ex- 
tremely (Vagmentary.  Morse  believes  that  in  all  the  Brachiopods 
the  sexes  are  separate.  The  eggs  (Fig.  192,  A),' he  says,  as  in  the 
Annelida,  when  arrived  at  maturity,  escape  from  the  ovaries  into 
the  general  cavity  of  the  body,  and  are  thence  gathered  up  by 
the  segmental  organs,  or  oviducts,  and  discharged  into  the  sur- 
rounding water.    Whether  they  are  fertilized  after  they  leave  the 

1  Amer.  Jonro.  So.  and  Arts,  D«o.,  1874. 
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parent  or  before,  is  not  settled.  In  a  few  hours  after  they  are 
discharged  the  embryos  hatch  and  become  clodied  with  cilia.  The 
earliest  stages  of  the  egg  of  Brachiopods  before  the  larva  hatdies, 
were  studied  by  Kowalevsky  after  the  publication  of  Morse's  re- 
searches. The  Russian  zoologist  observed  in  the  egg  of  The- 
cidium  the  total  segmentation  of  the  yolk  (also  observed  in  Tere- 
bratnlina  by  Morse),  until  a  blastoderm  (ectoderm)  is  formed 
around  the  central  segmentation  cavity,  which  contains  a  few  cells. 
The  similar  formation  of  the  blastoderm  was  seen  in  Argiope, 
but  not  the  morula  stage.  After  this  the  ectoderm  invaginates 
and  a  cavity  is  formed,  opening  externally  by  a  primitive  mouth. 
The  walls  of  this  cavity  now  consist  of  an  inner  and  outer  layer 
(the  endoderm  and  ectoderm).  This  cavity  eventually  becomes 
the  digestive  cavity  of  the  mature  animal.  After  this  the  devel* 
opment  goes  on  as  previously  described  by  Morse,  Kowalevsky's 
discoveries  confirming  those  of  the  former  observer. 

In  Terebratulina  Morse  observed  that  the  oval  ciliated  germ 
became  segmented,  dividing  into  two  and  then  three  rings,  with  a 
Pig.  191.  tuft  of  long  cilia  on  the  an- 

terior end  (Fig.  191,  A). 
In  this  stage  the  larva  is 
quite  active,  swimming  rap- 
pidly  about  in  every  direc- 
tion. 

Soon    after,    the    germ 

Larval  stages  of  Terebratulina.  j^g^g  ^^  ^m^  ^nd  becomes 

attached  at  one  end  as  in  Fig.  191,  B  (c,  cephalic  segment;  th^ 
thoracic  segment;  p,  peduncular  or  caudal  segment).  The  tho- 
racic ring  now  increases  much  in  size  so  as  to  partially  enclose 
the  cephalic  segment,  as  at  Fig.  191,  C.  The  form  of  the  Brachi- 
opod  is  then  soon  attained,  as  seen  in  Fig.  191,  D,  in  which  the 
head  (c)  is  seen  projecting  from  the  two  valves  of  the  shell  {th)^ 
the  larger  being  the  ventral  plate. 

The  hinge  margin  is  broad  and  slightly  rounded  when  looked  at 
from  above ;  a  side  view  however;  presents  a  wide  and  flattened 
area,  ^^  as  is  shown  in  some  species  of  Spirifer,  and  the  embryo  for 
a  long  time  assumes  the  position  that  the  Spirifer  must  have  as- 
sumed." Before  the  folds  have  closed  over  the  head,  four  bundles 
of  bristles  appear ;  these  bristles  are  delicately  barbed  like  those 
of  larval  worms.    The  arms,  or  cirri,  now  bud  out  as  two  promi- 
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nences,  one  on  each  side  of  tKe  month.  Then  as  the  embryo  ad- 
vances in  growth  the  outlines  remind  one  of  a  Leptsena,  an  ancient 
genus  of  Brachiopods,  and  in  a  later  stage  the  form  becomes 
"  quite  unlike  any  adult  Brachiopod  known." 

The  deciduous  bristles  are  then  discarded,  and  the  permanent 
ones  make  their  appearance,  two  pairs  of  arms  arise,  and  now  the 
shell  in  "  its  general  contour  recalls  Siphonotreta,  placed  in  the 
family  Discinidee  by  Davidson,  a  genus  not  occurring  above  the 
Silurian."  No  eye  spots  could  be  seen  in  Terebratulina,  though 
in  the  young  Thecidium  they  were  observed  by  Lacaze-Duthiers. 
The  young  Terebratulina  differs  from  Discina  of  the  same  age  in 
being  sedentary,  while,  as  observed  by  Fritz  Miiller,  the  latter 
"  swims  freely  in  the  water  some  time  after  the  dorsal  and  ventral 
plates,  cirri,  month,  oesophagus  and  stomach  have  made  their 
appearance."  Discina  also  differs  from  Terebratulina  in  having  a 
long  and  extensible  cesophagus  and  head  bearing  a  crown  of  eight 
cirri  or  tentacles.  Regarding  the  relations  of  the  Brachiopods 
with  the  Polyzoa,  Morse  suggests  that  there  is  some  likeness  be- 
tween the  embryo  Brachiopod,  and  the  free  embryo  of  Pedicellina. 
Fig.  192,  B,  represents  the  Terebratulina  when  in  its  form  it  re- 
calls Meg'erlia  or  Argiope.  G  represents  a  later  Lingula-like  stage. 
"It  also  suggests,"  says  Morse,  "in  its  movements  the  nervously 
acting  Pedicellina.  In  this  and  the  several  succeeding  stages, 
the  mouth  points  directly  backward  (forward  of  authors),  or  away 


Later  stages  of  Terebratulina. 

from  the  perpendicular  end  (D)  and  is  surrounded  by  a  few  cili- 
ated cirri,  which  forcibly  recall  certain  Polyzoa.  The  stomach  and 
intestine  form  a  simple  chamber,  alternating  in  their  contractions 
and  forcing  the  particles  of  food  from  one  portion  to  the  other." 
Figure  192,  £,  shows  a  more  advanced  stage,  in  which  a  fold  is 
seen  on  each  side  of  the  stomach ;  from  the  fold  is  developed  the 
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complicated  liver  of  the  adult,  as  seen  in  E,  which  represents  the 
animal  aboat  an  eighth  of  an  inch  long.  The  arms  (lophophore) 
begin  "  to  assume  the  horse-shoe-shaped  form  of  Pectinatella  and 
other  high  Polyzoa.  The  mouth  at  this  stage  begins  to  turn  to- 
wards the  dorsal  valve  (ventral  of  authors),  and  as  the  central  lobes 
of  the  lophophore  begin  to  develop,  the  lateral  arms  are  deflected  as 
in  F.  In  these  stages  (G)  an  epistome^  is  very  marked,  and  it  was 
noticed  that  the  end  of  the  intestine  was  held  to  the  mantle  by  an 
attachment,  as  in  the  adult,  reminding  one  of  the  funiciUus  in  the 
Phylactoleemat^"  (Polyzoa).  Turning  now  to  Kowalevsky's  me- 
moir, he  shows,  according  to  Mr.  A.  Agassiz,  that  the  larv8e  of 
Brachiopods  are  strikingly  like  those  of  the  Annelides.  "The 
homology  between  the  early  embryonic  stages  of  Argiope  with 
well  known  Annelid  larvse  is  most  remarkable,  and  the  resem- 
blance between  some  of  the  stages  of  Argiope  figured  by  Kowa- 
levsky  and  the  corresponding  stages  of  growth  of  the  so-called 
Loven  type  of  development  among  Annelides  is  complete.  The 
number  of  segments  is  less,  but  otherwise  the  main  structural 
features  show  a  closeness  of  agreement  which  will  make  it  diffi- 
cult for  conchologists  hereafter  to  claim  Brachiopods  as  their 
special  property.  The  identity  in  the  ulterior  mode  of  growth 
between  the  embryo  of  Argiope  and  of  Balanoglossus,  in  the 
Tomaria  stage,  is  still  more  striking.  We  can  follow  the  changes 
undergone  by  Argiope  while  it  passes  through  its  Tomaria  stage, 
if  we  may  so  call  it,  and  becomes  gradually,  by  a  mere  modifica- 
tion of  the  topography  of  its  organs,  transformed  into  a  minute 
pedunculated  Brachiopod,  differing  as  far  from  the  Tomaria  stage 
of  Argiope  as  the  young  Balanoglossus  differs  from  the  free  swim- 
ming Tomaria.  In  fact,  the  whole  development  of  Argiope  is  a 
remarkable  combination  of  the  Lov^n  and  of  the  Tomaria  types 
of  development  among  worms." 

At  the  close  of  his  first  memoir  Morse  again  insists  on  the  close 
relationship  of  the  Brachiopods  and  Polyzoa ;  these  views,  taken 
with  his  later  views  as  to  the  close  relationship  of  Lingula  with 
the  Chaetopod  worms,  show  how  intimately  the  Polyzoa  and  Brach- 
iopods are  bound  together  with  the  Annelides. 

1  The  ttee  lip  seemed  to  perform  all  the  ftiDctions  pertaining  to  the  epistome  in  the 
higher  Polyzoa,  and  we  And  it  on  the  inner  bend  of  the  arms,  as  in  the  Polysoa,  though 
not  occupy  ing  tlie  same  homologtcal  position  in  regard  to  the  flexure  of  the  Intestine.'' 
Early  stages  of  Terebratnlina,  p.  84. 
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It  will  be  seen  that  neither  in  the  Polyzoa  nor  Braohiopods  are 
there  any  true  mollascan  characters,  nothing  homologous  with  the 
foot,  the  shell  gland  or  odontophore.  The  Brachiopods  should  in 
our  opinion  be,  perhaps,  united  with  the  Polyzoa  and  form  a  group 
lower  but  sub-parallel  with  the  Annelides.  The  Brachiopods,  from 
the  facts  afforded  by  Morse  and  others,  have  neither  such  a  nervous 
system  or  respiratory  or  circulating  organs,  or  an  annulated  body, 
as  would  warrant  their  union  with  the  Chsetopods.  He  l^as  fully 
proved  that  they  are  a  synthetic  type,  combining  the  features  of 
different  groups  of  worms,  and  this  fact  apparently  forbids  their 
being  regarded  as  a  group  of  Chaetopods.  Looking  at  the  subject 
from  an  evolutional  point  of  view,  we  should  be  inclined  to  regard 
the  Brachiopods  and  Polyzoa  as  derived  from  common  low  vermian 
ancestors,  while  the  Ch®topod  worms  probably  sprang  indepen- 
dently from  a  higher  ancestry. 

To  sum  up,  the  Brachiopods  pass  through 

1.  A  Morula  state. 

2.  A  free  swimming,  ciliated  Gastrula  condition,  formed  by  in- 
vagination of  the  ectoderm. 

8.  Free  swimming  larval  annulate  Cephulala  stage,  combining 
the  characters  of  the  larva  of  Nareda  and  of  Tomaria  the  larva 
of  Balanoglossus. 
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BT  WILLIAM  CARRUTHERS,  F.R.S. 


Ergot  might  supply  an  interesting  text  from  which  to  exhibit 
the  worthlessness  of  speculation  as  opposed  to  observation  and 
experiment  in  dealing  with  natural  science.  Replacing,  as  it 
does,  the  seeds  of  different  grasses,  and  always  attaining,  when 
full  grown,  a  greater  size  than  the  normal  seed,  it  was  at  first 
thought  to  indicate  an  extra  quantity  of  life  and  vigour  in  the 
particular  seed,  which  exhausted  themselves  in  the  production  of 
the  anomalous  horned  grain.  No  special  properties  were  asso- 
ciated with  these  abnormal  productions.  All  along  the  ergot  had 
been  exerting  its  baneflil  inpuence  on  man  and  animals  without 
being  suspected.  Through  its  agency  the  inhabitants  of  whole 
districts  in  France  had  been  visited  with  intermittent  attacks  of 
gangrenous  diseases;  and  England,  as  Professor  Henslow  has 
shown  in  the  pages  of  the  ^Journal  of  the  Royal  Agricultural 
Society  of  England'  (vol.  ii.  pp.  14-19),  has  records  of  similar 
though  not  so  extensive  calamities.  Tet  many  years  have  not 
elapsed  since  these  and  other  evils  have  been  traced  to  their  true 
source, — the  consumption  of  ergotted  corn  as  food. 

The  remarkable  action  of  ergot  on  the  gravid  uterus  is  well 
known,  and  has  caused  it  to  be  used  for  many  years  as  a  powerAiI 
aid  in  cases  of  difficult  or  prolonged  parturition.  It  has  been 
more  recently  determined  that  its  power  of  causing  muscular  con- 
traction extends  to  all  unstriped  or  involuntary  muscular  fibre, 
and  it  has  consequently  been  applied  in  treating  certain  maladies 
connected  with  the  intestinal  canal  and  the  arteries,  because  these 
organs,  like  the  gravid  uterus,  are  chiefly  composed  of  this  kind 
of  muscular  tissue. 

The  ^Journal  of  the  Royal  Agricultural  Society  of  England,' 
and  other  periodicals  devoted  to  agricultural  subjects,  contain 
frequent  narratives  of  the  injuries  to  stock  resulting  from  the 
occurrence  of  ergot  in  grass  crops.  Mr.  H.  Tanner  records  the 
loss  to  one  breeder  of  cattle  in  Shropshire  of  1200Z.  in  three  years 
from  this  cause  (vol.«xix,  p.  40).    Recent  losses,  especially  in 

^From  the  Journal  of  the  Rojal  A4|^oiiltural  Society  of  England,  1874. 
(460) 
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the  casting  of  foals  by  valuable  brood  mares,  having  again  drawn 
attention  to  the  matter,  I  propose  to  set  down  what  is  known  re- 
garding this  dangerous  production.  This  is  the  more  necessary, 
because  the  views  of  the  latest  writers  in  the  '  Journal '  on  this 
subject  were  published  before  the  very  important  observations  of 
Tulasne  were  known.  This  eminent  fnngologist  has  fhlly  traced 
the  history  and  development  of  ergot,  and  has  finally  set  at  rest 
the  many  doubts  entertained  as  to  its  true  nature. 

Like  all  diseases  which  result  from  the  attacks  of  fungi,  the  ap- 
pearance of  ergot  is  mysterious  and  more  or  less  inexplicable. 
AtnK)spheric  conditions,  without  doubt,  greatly  influence  the  de- 
velopment of  such  plants.  Moisture  is  required  for  the  growth  of 
the  minute  spores  of  fungi,  which  at  all  times  abound  in  the  air: 
a  moist  and  warm  atmosphere  invariably  brings  in  all  suitable  lo- 
calities a  large  crop  of  these  minute  epiphytic  or  parasitic  fungi. 
Such  conditions,  it  is  well  known,  greatly  favour  the  production 
and  development  of  the  potato  fungus.  Ergot  also  is  most  abun- 
dant in  wet  seasons ;  and  in  the  fields  where  it  is  seen,  it  has  been 
found  in  the  greatest  abundance  in  those  parts  which  are  low  or 
undrained.  Such  physical  conditions  are,  however,  not  present 
in  every  instance  of  the  rapid  progress  of  a  parasitic  fungus. 
The  recent  appearance  of  a  blight  among  garden  hollyhocks,  and 
their  allies,  the  wild  mallows,  is  a  remarkable  exception.  This 
minute  fungus  (Puccinia  malvacearum^  Mont.)  was  described  by 
Montague  from  Chili,  of  which  country  it  appears  to  be  a  native. 
It  was  afterwards  noticed  in  Australia ;  and  a  year  ago  it  ap- 
peared for  the  first  time  in  England,  in  such  abundance  that  it 
was  observed  almost  everywhere  in  the  south,  and  in  some  places 
not  a  single  Malvaceous  plant,  wild  or  cultivated,  could  be  found 
that  had  not  been  attacked  by  it.  It  is  reported  in  the  same 
abundance  from  many  districts  this  year. 

It  is  to  be  hoped  that  the  growing  attention  which  is  being  given 
to  these  smaller  fungi  may  lead  to  a  better  acquaintance  with  the 
causes  inducing  their  sudden  appearance  and  rapid  development. 
When  these  causes  are  known,  one  may  obtain  the  power  of  modi- 
fying or  controlling,  if  not  of  totally  preventing,  their  ravages. 

Ergot  has  been  observed  on  a  large  number  of  our  native  and 
cultivated  grasses  as  well  as  on  our  cereal  crops.  The  grasses 
that  are  most  subject  to  its  attacks  are  Rye-grass  {Lolium  perennej 
Linn.)  ;  the  Brome-grasses  {Bromus  »ecdlinuSj  Linn.,  B.  mollis^ 
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Linn.,  B.  praten^is^  Ebr.)  ;  Couch-grass  {TrUicum  repensy  Linn.) ; 
Fox-taiUgrass    {Alopecurus    pratenHSy    Linn.) ;    Timothy-grass 

(meumpr(Uense,JAnn.) ;  Fes* 

Tig,  196.  Fig.  IM.  »  /  > 

cue-grass  (Festuca  eUsHoTy 
Linn.) ;  Barley-grass  {Harde- 
tern  murtnum,  Linn.)  ;  and  Man- 
na-grass (GRyceria  fluUanSy 
R.  Br.).  With  the  view  of 
enabling  the  reader  to  recog- 
nise this  pest,  which  is  made 
too  little  account  of  by  agri- 
culturists I  have  given  a  num- 
ber of  engravings  ftrom  remark- 
ably accurate  but  till  now  un- 
published drawings  of  its  i^ 
pearance  on  different  plants, 
made  by  Francis  Bauer,  who 
for  several  years  carefully  ob- 
served this  disease,  when  he 
was  connected  with  the  Royal 
Gardens  at  Kew  as  botanical 
draughtsman. 

As  we  are  most  familiar  with 
the  appearance  of  ergot  on  the 
cereals,  I  shall  first  notice  the 
grain  plants  affected  by  it. 

That  on  which  it  is  best 
known,  and  ftx)m  which  it  is 
chiefly  collected  for  use  in 
medical  practice  is  Rye  (Seeale 
cerealCy  Linn.).  In  Fig.  193  is 
shown  a  spike  of  rye,  with  only 
a  single  ear  affected  by  a  short 
and  thick  ergot;  but  in  Fig. 
194  several  ears  are  ergotted, 
and  the  larger  and  mor^  slen- 
der forms  of  the  majority  of 
Bye,  sseooieoeraaZtf,  Linn.  Two  Bpflnsbear-     the  diseased  ears  exhibit  their 

ing  M^eral  Ergots.  ,  .       „,,  .    . 

usual  aspect.    The  great  in- 
crease in  the  size  of  the  grain,  shown  in  the  drawings,  suggested 
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Bptks  of  SpriBf  Wheat  alTteted  with  Bunt  and  Krcot  (4SS) 
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to  Bauhin  the  name  {Secale  litxurians)  he  gave  to  ergot,  more  than 
250  years  ago  in  one  of  the  first  published  notices  of  the  disease. 
In  barley  and  wheat  ergot  is  not  so  frequently  met  with  as  in 
rye ;  nevertheless,  when  carefully  sought  for,  it  will  often  be  found. 
It  has  been  observed  in  all  the  cultivated  varieties  of  wheat.  Fig. 
195  (p.  453)  represents  a  remarkable  case  of  diseased  spring  wheat, 
observed  by  Bauer.  Two  of  the  ears  only  are  ergotted,  while  the 
great  majoiity  are  affected  by  another  and  better  known  disease, 
bunt  or  pepperbrand,  due  also  to  a  minute  parasitic  fungus  (7V^ 
letia  caries y  Tul.). 

Bauer  made  a  series  of  experiments  with  the  view  of  discovering 
the  manner  in  which  different  diseases  due  to  microscopic  fiingi 
might  be  communicated  to  wheat  and  other  cereals.  He  placed  a 
quantity  of  the  powder  (spores)  of  bunt  on  the  seed  of  spring 
wheat,  which  he  then  sowed.  As  the  wheat  ripened  it  became  ex- 
tensively affected  with  the  bunt  disease.  In  bunt  the  contents  of 
the  grains  are  generally  completely  replaced  by  a  uniform  black 
Yig.iw,  powder;   the  grain  is  brittle 

and  easily  crushed  between  the 
fingers,  when  it  has  a  greasy 
feeling  and  gives  off  an  offen- 
sive fetid  smell.  Under  the 
microscope  this  black  powder 
is  seen  to  be  composed  of 
spherical  spores  with  a  reticu- 
lated surface  (Fig.  196).  If  a 
diseased  grain  is  examined  be- 

Spores  of  Bunt  showing  the  threads  of  My-    forC  the  sporCS  are  fully  ripe, 
celium.    Very  highly  mugnlfied.  ^^^^  ^^  y^  ^^^  ^  ^^  ^^^^^^ 

ed  by  short  stalks  to  a  fine  branched  thread  or  mycelium,  which 
appears  to  be  absorbed  as  the  spores  ripen ;  it  can  scarcely  be  de- 
tected in  the  ftiUy  ripe  bunt. 

Besides  the  bunt,  ergot  also  appeared  in  Bauer's  small  experi- 
mental crop  of  spring  wheat,  and  in  the  head  figured  (Fig.  195,  p. 
453)  he  observed  that  the  same  grain  was  attacked  by  both  fungi, 
as  was  noticed  subsequently  by  Phillip!  and  others,  and  has  been 
illustrated  and  described  by  Tulasne.  A  spikelet  from  the  centre 
of  this  head  is  represented  double  the  size  of  nature  in  Fig.  197 
(p.  455).  This  consists  of  three  grains,  all  diseased.  That  in 
the  centre  is  the  largest,  the  gi*eat  size  being  due  to  the  growth  of 
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the  ergot  below  the  grain  itself,  which  is  entirely  converted  into 
bont-spores,  and  is  carried  on  the  apex  of  the  growing  ergot  and 
surmounted  by  the  withered  remains  of  the  style.  This  is  clearly 
seen  in  the  section  of  this  grain  (Fig.  198),  in  which  the  dark  col- 
our of  the  bunt-spores  at  the  apex  is  contrasted  with  the  lighter- 
coloured  internal  structure  of  the  ergot  below.  The  lateral  grains 
of  the  spikelet  are  about  the  size  of  ordinary  wheat-grains,  only, 

Flg.W. 


Fig.  196. 


Spikelet  from  the  head  of  Spring  Wheat  af- 
fected with  Ergot  and  Bunt.  Twice  the 
natural  size. 

Fis:.  199. 


Section  of  the 
terminal 
Qrain  of  the 
Spikelet. 


The  lateral  gnUna  of  the  Spikelet.   a  and  b  in  section :  e  showing  the  external 
appearance.    Twice  the  natural  size. 

like  all  bunted  grains,  they  are  somewhat  shorter  and  blunter. 
One  of  these  (Fig.  199,  a)  is  entirely  converted  into  bunt-spores, 
while  the  other  {b  and  c),  like  the  central  grain,  has  an  ergot  es- 
tablished in  the  lower  portion,  though  still  young  and  very  small. 
It  deserves  to  be  noticed  that  in  both  the  ergotted  grains  of 
this  spikelet  the  early  sphacelia  state  of  the  ergot  is  carried  up 
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beyond  the  ergot  itself,  and  oovers  the  banted  apex  of  the  grains 
as  well. 

Maize  is  subject  to  the  attack  of  ergot. 

The  appearance  of  ergot  in  rye-grass  is  well  known.  Improved 
husbandry  has  made  this  a  comparatiyely  rare  grass  in  cultivated 
fields,  where  it  is  of  little  value  as  a  forage  plant,  though  not  so 
injurious  as  it  has  been  called ;  indeed  recent  experiments  make 
it  almost  certain  that  the  evils  reported  and  believed  to  have  been 
produced  by  the  use  of  darnel  have  been  really  caused  by  the  un- 
observed  ergot.  The  frequency  with  which  rye-grass  is  attacked 
has  often  been  noticed.  Edward  Carroll  says  he  never  failed  to 
discover  it  more  or  less  ergotted  in  fields  allowed  to  stand  for 
seed,  and  he  adds,  what  appears  to  be  opposed  to  general  experi- 
ence, that  its  extent  is  in  proportion  to  the  wet  or  dry  state  of  the 
summer  months  during  its  maturation ;  being  rarer  when  wet,  fre- 
quent when  dry.  The  probable  explanation  of  this  reversing  of 
the  experience  in  England  and  the  Continent  is,  that  it  is  due  to 
the  normal  moist  atmosphere  of  Ireland,  where  Mr.  Carroll  made 
his  observations,  being  fitted  for  the  germination  of  the  spores  of 
ftmgi;  while  rain  would  wash  the  spores  off  the  plants,  and  a 
superabundance  of  water  would  be  unfavourable  to  their  growth. 

A  head  of  Timothy-grass  {PlUeum  praJtense^  Linn.)  is  represented 
in  Fig.  200  (p.  457)  with  an  extraordinary  number  of  ergotted 
ears.  This  grass  forms  a  considerable  portion  of  the  late  meadow 
crops  in  many  districts.  ' 

I  have  already  in  the  darnel  figured  the  ergot  in  a  weed  in  cul- 
tivated grounds;  and  in  the  barley-grass  {Hordeum  murinum^ 
Linn.),  Fig.  201  (p.  457),  we  have  it  on  one  of  the  most  common 
annual  grass-weeds  of  our  road-sides  and  waste  places.  Although 
this  is  a  worthless  weed,  as  it  is  rejected  even  by  the  half-starved 
animals  that  feed  by  the  road-side,  it  may  be  actively  ii^urious  to 
the  agriculturist  if  it  is  to  any  extent  a  nidus  for  the  growth  of 
ergot. 

Numerous  other  illustrations  might  be  given,  but  our  figures  of 
the  ergot,  as  it  appears  in  cereals  and  in  pasture  and  weed  grasses, 
are  suflQcient  to  show  the  general  aspect  of  this  parasitic  fhngus, 
and  to  enable  the  reader  easily  to  detect  it.    • 

No  farm  or  district  has  any  right  to  hope  for  exemption  from 
this  dangerous  pest.  It  may  not  have  been  noticed,  or  it  may 
have  actually  been  absent  for  many  years,  yet  it  may  suddenly, 
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withoat  any  obvioas  cause,  appear  in  great  abundance  and  prove 
a  cause  of  serious  destruction  to  the  cattle  or  sheep  placed  in  the 
field  where  its  presence  is  not  suspected.  The  late  Mr.  John 
Curtis,  a  keen  and  learned  entomologist,  who  had  an  accurate 

Ffg.901. 
Fig.800. 


Timothy  OrasB. 

FhUum  praimue,  Barley  Grass,  ffordmmmur- 

Linn.  <iiiMi,Lbm. 

knowledge  of  the  British  grasses  and  a  quick  eye  for  natural 
objects,  had  for  thirty  years  beaten  the  ground  between  Southwold 
and  Kessington,  on  the  coast  of  Suffolk,  for  insects,  and  had  never 
noticed  any  specimens  of  ergot  till  the  year  1847,  when  he  found  it 
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on  the  spikes  of  Arundo  arenaiia^  Linn.,  in  such  abundance  that 

he  estimated  that  one-sixth,  if  not  one-fourth,  of  all  the  ears  of 

Fig.  202.  this  grass  in  the  district 

were    diseased !     (» Gard. 
Chron.,'  1847,  p.  653.) 

The  different  drawings 
have  shown  that  the  ergot 
Fig.  203.  bears  a  certain  relation  to 

the  seed  of  the  plant  in 
which  it  occars,  but  that 
in  all  it  attains  a  larger 
size  than  the  normal  grain, 
and  is  especially  longer 
and  more  horn-like.  It 
occupies  the  place  of  the 
seed,  but,  unlike  most  of 
the  parasitic  fungi  with 
which  agriculturists  are 
acquainted,  it  sends  no 
roots  down  into  the  plant. 
Fine  Ewot  on  a  foreign  spe-  its  whole  Organisation  be- 

Spikelet  of  Rye  cies  of  Lyme  Grass,  Ely-    x^„  ,^^n^^A  i.^  *.u^  ^ec^  *  j 

with  Ergot.  mua  giganUus,  Vahl.    Nat-    ll^g  Confined  tO  the  affected 

Natural  sire.  urai  sixe.  ^^    The  external  surface 

is  scaly  or  somewhat  granular,  and  is  generally  marked  by  longi- 
tudinal and  horizontal  cracks,  penetrating  into  and  exposing  the 
interior.  The  colour  is  black  or  purple-black,  but  the  interior  is 
white  or  purplish,  and  of  a  dense  homogeneous  structure  (Fig.  204, 
p.  459),  composed  of  spherical  or  polygonal  cells,  so  largely  charged 
with  an  oily  fluid  ^  as  to  bum  freely  when  lighted  at  a  candle.^ 

iTbe  oU  is  of  a  brownish  yellow  colonr,  of  aromatic  flavour  and  acrid  taste;  it  is 
▼iscid,  and  its  speciflo  gravity  is  -0249.  It  consists  of  68  per  cent  of  oleic  acid,  38  of 
palmitic  acid,  and  8  of  glycerine,  with  traces  of  acetic  and  butyric  acid,  and  trimethy- 
lamin,  ammonia  and  ergotine  as  colouring  matter.— Dr.  Herrmann. 

*The  inorganic  constituents  of  ergot  are— 

Potash 80-06 

Soda 0-65 

Lime 1 88 

Magnesia    .......  4'87 

Alumina 008 

Oxide  of  iron 0-86 

Oxide  of  manganese            .....  0*36 

Phosphoric  acid   .          .          .          .          i         •  45*13 

Silica 14*67 

Chloride  of  sodium        ....               .  1-60 

99-96 
Dr.  Herrmann  In  Buchner's  *  Bepertorium  for  1871/  p.  383,  and  *  Pharmaceutioa 
J  onrnal,'  1873,  p.  841. 
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De  Candolle  suggested  that  this  anomalous  straetare  had  some 
affinity  to  the  amorphous  indurated  masses  of  mycelium  which  had 
been  united  together  in  a  spurious  genus  to  which  was  given  the 
name  Sderotium.  The  illustrious  mycologist  Fries  separated  it 
from  Sderotium^  and  established  a  genus  for  its  reception,  which 
he  designated  Spermoediunij  iig.204. 

although  he  doubted  whether 
it  should  be  included  among 
the  fungi  at  all,  considering 
it  rather  as  only  a  morbid 
condition    of    the    seeds    of 


The  true  nature  of  ergot 
was  at  length  determined  by 
observations  first  made  on  its 
early  history  and  development 
on  the  diseased  plants,  and 
then  by  experiments  on  the 

ergot  itself,  with  the  view  of      Miorosoopic  stmcture  of  Ergot,  magnilled 
,....-,-..  600  diameters. 

detennining  its  ultimate  pro- 
duct.   In  both  directions  the  most  satisfactory  results  have  been 
arrived  at,  and  we  now  know  the  complete  history  of  the  plant. 

In  its  earliest  condition  this  parasitic  fungus  escapes  notice, 
being  composed  of  a  large  number  of  very  small  elongated  cells 
borne  in  a  colourless  liquid.  In  about  three  days  after  the  plant 
is  attacked  the  ergot  becomes  visible,  appearing  as  a  yellowish 
viscous  substance  resting  on  the  outer  coating  of  the  as  yet  unde- 
veloped attacked  grain  (Fig.  205,  p.  460).  It  exndel  from  be- 
tween the  glumes  and  more  or  less  completely  covers  the  whole 
seed.  It  has  a  taste  like  honey  and  an  odour  like  that  of  grated 
bones.  The  ears  naturally  attacked  do  not  belong  to  less  vigorous 
or  healthy  plants  than  those  that  escape. 

Once  established,  the  fungus  rapidly  developes,  carrying  up- 
wards the  aborted  remains  of  the  seed,  crowned  with  the  withered 
styles,  and  forming  below  the  homogeneous  sclerotioid  mass, 
which  becomes  the  true  ergot.  The  state  of  the  development  of 
the  ergot  had  be^  observed  early  in  the  century  by  Bauer,  though 
none  of  his  figures  were  published  till  1841.  He  had  noticed  its 
relation  to  the  outer  covering  of  the  seed,  and  had  supposed  it  to 
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be  an  altered  oondiUon  of  that  stnictare  ('Linn.  Trans./  vol. 

xvili,  p.  476). 
Liveilli,  in  1826,  notioed  that  the  ergot  commenced  with  this 

soft  coyering,  and  conaidering  it  to  be  a  distinct  fangns,  parasitic 
iig.90S.  on  the  ergot,  he  propo^  for  it  the  name  of 

f  SpJiacelia.  John  Smith  and  Qaekett,  in  1841, 
published  descriptions  of  the  stmctnre  of  this 
sphacelia  condition,  as  far  as  they  were  able  to 
observe  it.  They  thought  it  was  an  amorphous 
mass  of  small  spherical  cells,  with  a  number 
of  larger  doubly-nucleated  oblong  cells  scat- 
tered among  them.  It  was  supposed  to  be  the 
immediate  cause  of  the  ergot,  and  Quekett 
gave  to  it  the  name  of  ErgotoUia  abartifadena, 
while  Berkeley  and  Broome,  believing  it  to  be 
a  true  Oidiuniy  removed  it  to  that  genus  under 
the  name  0.  ahortifaciens.  Bauer's  drawings 
are  singularly  accurate  representations  of  the 
general  aspect  of  the  disease  in  its  different 
stages,  and  while  his  microscope  disclosed  to 

A  Grain  of  Bye  ooTered  ^^  ^°  ^^^^  ^^  ^^^  Quekett  published  in  1841, 

SnoC 
ralBise. 


^uLtto^'of^v^  ^^  ^<»  ^o^  sufficient  to  exhibit  the  mmute 
TwicefibenatnniBlse.  structure  as  it  has  been  recently  described  and 


figured  by  Tulasne.  In  Bauer's  drawings  (Fig.  206,  p.  461)  the 
sphacelia  is  represented  as  consisting  of  tortuous  and  anasto- 
mosing ridges  or  plates,  with  namerous  open  cavities  in  the  in- 
terior, iftlasne  showed  that  the  sphacelia  was  organically  con- 
nected with  the  ergot,  and  was,  indeed,  only  a  condition  of  it. 

Bauer  detected  the  elongated  nucleated  cells  of  the  sphacelia, 
but,  like  Quekett,  he  did  not  observe  their  connection  with  the 
supporting  structures;  while  the  cavities  accurately  represented 
by  Bauer  in  the  foldings  of  the  sphacelia  (Fig.  206)  are  the  free 
spaces  where  the  nucleated  cells  or  *'  spores"  are  produced. 

The  illustration  (Fig.  207,  p.  462),  copied  from  Tulasne,  shows 
the  relation  of  the  different  structures.  The  dark  lower  portions 
of  the  woodcut  is  a  section  through  the  growing  sclerotium  or 
ergot,  properly  so  called.  This  is  composed,  as  we  have  already 
seen,  of  densely-packed  polygonal  cells,  filled  with  oil  globules. 
On  its  outer  ^urface  and  from  its  apex  are  given  off  elongated 
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cells,  which  are  the  Bupports  (sterigmata)  of  oblong  cells  (sper- 
matia  or  conidia),  the  most  of  which  are  free  in  the  drawing. 
These  cells  are  the  spores  of  the  ErgotaUia  of  Quekett,  and  the 
Oidium  of  Berkeley  and  Broome.    The  oblong  cells  or  ''spores/' 

Fig.  906. 


Srgotted  ear  of  Bye,  showfog  the  early  spbaeella  state  at  the  apex,  and  the  young  Er- 
got at  the  baie.   a,  external  appearance;  6»  eection.   liagnifled  aiz  times. 

when  placed  in  water,  freely  germinate  (Fig.  207,  a),  and  they 
have  the  power  of  reproducing  the  parasite.  But  we  have  not 
here  the  perfect  condition  of  the  plant.  Recent  observations  have 
shown  that  many  Aingi  produce  at  different  sta^s  of  their  history 
free  cells  possessed  with  the  power  of  germination.    The  sper- 
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matia-bearing  stage  has  been  observed  in  other  ftingi  besides  the 
eigot. 

When  the  ergot  attains  its  fhll  size  the  sphacelia  disappears,  or 
only  the  withered  and  dried  up  remains  of  it  can  be  detected  at 
the  apex  of  the  ergot. 

The  fhrther  history  of  the  ergot  has  been  determined  also  by 
Tulasne.  The  frequent  occurrence  of  minute  sphserias  on  the 
ergotted  grains  of  grasses  suggested  to  him  that  they  were  prob- 
ably not  accidental  productions,  as  had  been  supposed,  but  were 

Fig.  907. 


Magnified  section  of  an  Eigot  coverod  with  the  Sphacelia;  a,  spermatia  gennlnating 
in  water.    (From  Tnlaane.) 

organically  connected  with  the  ergot,  and  represented  a  further 
stage  of  its  development.  With  the  view  of  testing  this  opinion, 
he  planted  a  number  of  ergotted  grains,  and  had  the  satisfaction 
to  find  that  a  considerable  proportion  produced  sphserias.  Those 
produced  by  the  ergot  of  rye  were  the  same  in  form  and  structure 
with  what  were  grown  from  the  ergots  of  most  of  the  other  grasses, 
and  believing  them  all  to  belong  to  the  same  species,  he  gave  to 
it  the  name  of  Clavicepa  purpurea  (Fig.  208,  p.  463).  This  per- 
fect plant  is  a  sHall  purplish  Aingus,  with  a  spherical  head,  sup- 
ported on  a  short  firm  stem,  with  a  somewhat  downy  base.    The 
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globose  head  is  rough  with  small  prominences,  which  are  the  open- 
ings of  the  cavities  or  conceptacles  in  which  the  spores  are  pro- 
duced (Fig.  208,  b  and  c).  One  of  these  conceptacles,  highly 
magnified,  is  shown  in  Fig.  209,  a  (p.  464)  representing  the  oval 
cavity  filled  with  the  long  slender  spore  cases  (ascl)  springing  from 
the  base  of  the  cavity.  The  mouth  of  the  conceptacle  opening 
through  the  conical  swelling  is  obvious ;  this  gives  the  granular 
aspect  to  the  head  of  the  fungus.  Four  of  the  sacs  or  asci  are 
represented  at  6,  still  more  magnified.    They  are  seen  to  be  filled 

Fig.  SOS. 


a,  Ergot  of  Wheat  prodaoing  the  small  Fangrns,  Ctavicepi  purpvreay  Tul.;  5.  one  of  the 
heads  mavnifled.  c,  section  through  a  head,  to  show  the  cavities  containing  the 
spores.    (From  Talasne.) 

with  slender  needle-shaped  bodies,  which  are  the  ultimate  and 
perfect  reproductive  spores  of  the  ergot.  A  few  of  these  spores 
are  represented  still  more  magnifieid  at  c. 

Having  traced  the  history  of  the  ergot,  we  may  now  inquire 
how  and  at  what  time  the  crops  get  infected,  with  the  view  of 
seeing  whether  it  is  possible  to  discover  any  means  of  alleviating, 
if  not  of  destroying,  this  injurious  parasite. 

At  two  different  stages  in  the  life  of  ergot,  bodies  are  produced 
which  have  the  power  of  propagating  the  disease,  namely,  the 
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spores  of  the  perfect  ftingns  developed  from  the  ergot,  or  the 
^'spores"  (spermatia  or  conldia)  of  the  early  sphacella  state  of 
the  parasite. 

The  plant  is  carried  over  the  winter  in  the  dormant  ergot  con- 
dition. A  large  proportion  of  the  ergot  in  a  field,  when  it  is  fhlly 
ripe,  falls  to  the  ground  during  the  operations  of  the  harvest,  or 
by  the  friction  of  the  spikes  against  each  other  through  the  action 
of  the  wind.  These  ergots  remain  on  the  ground  during  the  win- 
ter without  undergoing  any  change.    They  are  dormant,  like  the 

Fig.auo. 


o,  magniHed  section  of  a  oonoeptaole,  showUur  the  slender  spore-oases,  and  the  tumid 
month  of  the  cayfty;  b,  spore-oases  magnified;  e,  single  spores.   (From  Tnlasne.) 

seeds  of  plants,  until  the  following  spring  or  summer,  when  they 
produce  crops  of  the  perfect  frmgus  (Clavicqa  purpurea^  Tul.). 
The  spores  of  the  Claviceps  are  ripe  about  the  time  that  the 
cereals  come  into  flower,  and  by  the  action  of  wind  or  rain  they 
obtain  access  to  the  flowers. 

In  1856  Durieu  communicated  ergot  to  rye  by  placing  the  spores 
of  the  Claviceps  on  its  flowers.  Boze  has  since  confirmed  and  ex- 
tended these  observations  (^Bulletin  Soc.  Bot.  de  France,'  1870). 

It  is,  then,  by  these  minute^  needle-like  spores  that  the  disease 
is  communicated  at  first  to  all  crops ;  and  the  principal  effort  of 
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the  farmer  who  desires  to  free  himself  from  this  pest  should  be 
to  secure  clean  seed,  perfectly  free  from  ergot.  The  ergot  is  too 
frequently  overlooked  in  the  barn  from  its  resemblance  to  the 
dung  of  mice ;  but  it  is  worth  special  pains  in  examining  the  seed 
to  secure  immunity  from  this  parasite.  Tulasne  states  as  the 
result  of  his  experiments  that  if  the  ergot  does  not  produce  the 
Claviceps  during  the. first  jear  after  it  has  fallen  to  the  ground, 
it  loses  its  vital  powers.  One  might  hope  to  find  in  this  observa- 
tion of  Tulasne  the  means  of  coping  with  the  disease ;  and  cer- 
tainly it  is  most  desirable  not  to  follow  an  ergotted  crop  with  an- 
other crop  of  cereals.  But  it  must  be  remembered  that  the  same 
species  of  fungus  produced  an  ergot  in  most  of  our  grasses,  and 
that  the  spores  belonging  to  the  Claviceps  of  these  grass  ergots 
will  as  readily  communicate  the  disease  to  cereals  as  those  pro- 
duced by  the  cereals  themselves.  We  may,  therefore,  have  in 
ergotted  grasses  growing  in  the  margins  of  fields  or  along  hedge- 
banks  the  means  of  maintaining  and  spreading  the  disease  in 
cereal  crops.  No  trouble  should  be  spared  to  collect  and  destroy 
the  ergots  on  such  grasses.  To  permit  them  to  fall  to  the  ground 
is  a  certain  method  of  securing  the  appearance  of  the  disease  on 
any  cereal  or  grass  crops  in  the  neighbourhood  in  the  following 
year. 

But  the  disease  having  once  appeared  in  a  field  of  growing 
grain,  or  amongst  ha}'  or  grass,  easily  spreads  itself  in  its  early 
sphacelia  state.  Every  one  of  the  "spores"  (spermatia)  has  the 
power,  as  we  have  seen,  of  germinating,  and  so  spreading  the 
disease.  The  striking  of  an  ergotted  head  against  a  healthy  plant 
will  communicate  the  disease.  This  has  been  experimentally 
tested  by  Bonarden,  and  confirmed  by  Roze.  It  is  not  possible, 
however,  to  interpose  at  this  stage  of  the  malady  with  the  view 
of  arresting  it.  The  diseased  grains  are  difiScult  to  discover  la 
the  field,  ana  it  would  be  hopeless  to  attempt  to  pick  them  out. 
The  disease  can  only  be  effectually  dealt  with  while  the  plant  is  in 
its  dormant  state  as  an  ergot,  as  already  pointed  out. 

AMBR.  NATURALIST,  VOL.  IX.  80 
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Dr.  Coues's  Birds  of  the  Nortowest.^  —  This  volume  of 
eight  hundred  pages  forms  "  No.  3"  of  the  "Miscellaneous  Publi- 
cations" of  the  United  States  Geological  Survey  of  the  Terri- 
tories, F.  V.  Hayden,  U.  S.  Geologist  in  Charge.  As  its  title 
indicates,  it  is  intended  as  a  Hand-book  of  the  whole  region 
drained  by  the  Missouri  and  its  tributaries.  It  thus  embraces  a 
large  area  in  the  interior  of  the  continent,  including  the  whole  of 
Nebraska,  the  greater  portions  of  Dakota,  Montana,  Wyoming, 
Colorado,  Kansas  and  Missouri,  with  portions  also  of  Iowa  and 
Minnesota.  This  region  embraces  the  greater  part  of  the  so-called 
Middle  Faunal  Province  of  North  America,  but  overlaps  also  the 
eastern  edge  of  the  Western  Province  and  the  western  edge  of 
the  Eastern  Province.  It  hence  includes  the  greater  part  of  the 
birds  of  the  continent,  embracing  nearl}'  all  of  those  of  the  East- 
em  Province  as  well  as  those  of  the  Middle  Province.  Most  of 
this  extended  region  is  embraced  within  the  great  elevated  central 
plateau  of  the  continent,  where  the  annual  rain-fall  is  low ;  owing 
to  this  fact,  the  vegetation  is  meagre  and  stunted,  and  the  country 
generally  treeless.  As  the  author  says,  "Trees  are  in  effect  re- 
stricted to  the  mountainous  tracts,  and  to  a  slender,  precarious 
fringe  along  most  of  the  larger  streams."  This  precarious  fringe, 
however,  is  sufficient  to  entice  the  eastern  tree-nesting  species  far 
up  into  the  interior  of  this  vast  sterile  plain,  curiously  blending 
the  faunas  of  the  Eastern  and  Middle  Provinces  by  a  series  of 
interdigitations. 

The  topics  specially  treated  in  this  work,  among  the  most 
prominent  of  which  is  the  geographical  distribution  of  the  species, 
receive  that  thorough  attention  which  is  so  well  known  to  mark 
all  the  work  that  Dr.  Coues  undertakes.  Their  distribution  is 
given  not  only  with  definiteness  for  the  special  region  under  con- 
sideration, but  also  for  the  whole  range  of  each  of  the  species 
treated.  Their  areas  of  residence  and  range  of  migration,  to- 
gether with  their  relative  abundance  or  scarcity,  over  different 

> Birds  of  the  Northwest:  A  Hand-book  of  the  Ornithologj  of  the  Region  drained 
by  the  Missouri  River  and  its  Tributaries.  By  Elliot  Cones,  Captain  and  Assistant 
Surgeon  U.  S.  Army.  Washington :  Government  Printing  Office.  1874.  8vo.  pp.  xi, 
791. 
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parts  of  their  respective  habiteits,  are  given  with  a  degree  of  detail 
never  before  attempted  for  the  birds  of  this  country,  if  ever  before 
for  any  country.  The  synonymy  is  also  uniformly  worked  out  with 
greater  detail  than  ever  before,  while  the  number  of  bibliographical 
refefences  given  for  each  species  far  exceeds  the  number  hereto- 
fore given  in  any  work  on  American  ornithology.  While  not  only 
all  references  of  any  importance  are  generally  given  (we  observe 
here  and  there  a  few  rather  noteworthy  omissions)  the  nature  of 
the  special  papers  cited  is  usually  indicated,  and  the  authorities  for 
the  special  facts  of  distribution  are  stated,  thereby  adding  greatly 
to  the  value  of  the  bibliographical  portion  of  the  work. 

A  redescription  of  the  species  was  deemed  unnecessary,  since, 
in  view  of  the  several  excellent  descriptive  works  that  are  now  so 
generally  accessible,  it  seemed  needless  to  swell  the  size' of  the 
work  by  a  repetition  of  such  descriptions.  The  matter  of  the  vol- 
ume is  hence  almost  entirely  new,  the  biographical  portion,  as  the 
writer  says,  being  based  mainly  upon  his  own  personal  observations. 
He  has,  however,  not  only  made  use  of  numerous  manuscript 
notes  given  him  for  his  work  by  sevcfal  of  his  fellow  ornitholo- 
gists, but  has  collected  and  combined  in  a  most  satisfactory  manner 
the  recent  contributions  of  other  authors,  published  in  detached 
papers  in  different  and  not  generally  accessible  scientific  journals. 
Dr.  Coues's  aim  being  to  contribute  new  material  for  future  elabo- 
ration, rather  than  to  prepare  complete  histories  of  each  species 
described,  which,  however  desirable,  was,  under  the  circumstances, 
wholly  impracticable,  he  has  devoted  generally  but  a  few  lines  to 
the  well-known  species  of  Eastern  birds,  while  he  has  been  able  to 
furnish  ver}'  nearlj^  complete  biographies  of  some  of  the  heretofore 
slightly  known  Western  species.  The  volume  ends  with  mono- 
graphs of  several  families  of  the  water  birds — Laridoe^  Colym- 
bidce  and  Podicfpidce  —  to  which,  as  is  well-known.  Dr.  Coues  has 
for  a  long  time  given  special  attention.  These  are  worthy  of  an 
extended  critical  notice,  which  want  of  space  will  not  at  this  time 
permit. 

A  thorough  and  detailed  index  of  more  than  fifty  three-column 
pages  fitly  closes  the  volume,  crowning  a  work  that  will  ever  re- 
main a  monument  to  its  indefatigable  author,  and  a  source  of 
profit  and  pleasure  to  future  workers  in  the  same  field.  The 
amount  of  drudgery  represented  in  these  pages,  which  sooner  or 
later  some  one  must  have  done,  places  ornithologists  particulary 
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under  obligations  to  the  author,  while  his  easy-flowing,  graceful  and 
sprightly  pages  of  biographical  matter,  glowing  with  the  enthusi- 
asm of  the  naturalist,  and  evincing  the  inspiration  of  actual  con- 
tact in  their  natural  haunts  with  the  objects  described,  will  render 
his  book  a  pleasing  and  attractive  one  to  the  general  reader.  • 

But  the  author  is  not  alone  entitled  to  our  thanks  or  our  con- 
gratulations. It  must  not  be  forgotten  that  Dr.  Hayden's  early 
explorations  in  the  Upper  Missouri  region,  together  with  the  later 
collections  made  under  his  direction  as  Geologist  in  charge  of  the 
Geological  Survey  of  the  Territories,  have  fdrnished  both  the 
basis  and  the  occasion  for  the  present  report,  and  that  to  his  wise 
liberaUty  we  are  indebted  for  its  publication. — J.  A.  A. 

BOTANY. 

BOTRTCniUM   SIMPLEX,  WITH   PINNATED    DIVISIONS  TO  THE  STERILE 

FROND. —  In  1873,  Mr.  E.  W.  Munday  sent,  from  Syracuse,  New 
York,  a  large  specimen  of  Botrychium  simplex^  having  four  pairs 
of  broadly  wedge-shaped  divisions  to  th^  sterile  part  of  the  fVond, 
these  merely  incised  at  the  broad  terminal  margin.  From  Syra- 
cuse, Mrs.  Styles  M.  Rust  now  sends  a  very  robust  specimen,  ap- 
parently of  the  same  species,  but  of  a  different  aspect,  the  divisions 
of  the  sterile  part  of  the  frond  being  more  approximate,  narrowly 
oblong  in  shape,  and  strongly  pinnatifid.  The  texture  is  that  of 
B,  simplex^  i.e.,  thick  and  rather  fleshy.  This  may  interest  our 
fern-students  and  collectors.  The  variety  may  take  the  name  of 
var.  bipinnatifidum. — A.  Gray. 

FuqA§  serratus. —  Colonel  Pike  has  personally  assured  me  that 
this  Fucus  was  abundant  at  Newburyport  when  he  was  there  in 
1852.  Rev.  J.  Fowler  sent  me  some  from  Pictou  harbor  in  1869, 
and  again  lately  in  large  quantity,  the  plant  several  feet  long, 
and  fruiting  abundantly.  He  writes  that  he  collected  it  Nov.  1, 
1874,  and  that  ^^  it  seemed  abundant  on  the  rocks  round  the  har- 
bor, and  had  every  appearance  of  being  a  native." —  Daniel  C. 
Eaton. 

Mentanthes  trifoliata,  the  Buck-bean^  has  dimorphous  flow- 
ers, according  to  the  observations  of  C.  A.  Wheeler,  of  Hubbards- 
ton,  Michigan,  who  also  calls  attention  to  the  fact  that  Kuhn,  in 
Germany  (in  ^^Botanische  Zeitung,*'  1867),  includes  this  in  a  list 
of  dimorphic  genera.    It  had  escaped  our  attention. — A.  G. 
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Description  of  a  New  Wren  from  Eastern  Florida. — Thry- 
othorus  L^tdovicianus  (Lath.),  var.  MiamemiSj  Ridgw.  Florida 
Wren.  Diagndsis, —  Similis  T,  ludovicianOy  sed  major,  robustior, 
et  coloribus  saturatioribus.  Alae,  2*75;  cauda,  2-60;  culmen, 
•90 ;  tarsns,  '95  ;  dig.  med.  (sine  ungue),  '60. 

Hab.  in  Florida  orientale  (Miami  River,  Jan.,  1874,  C.  J.  May- 
nard).     Typus  No.  1864,  Mus.  R.  R. 

Similar  to  T.  Ludovicianus  (Lath.),  but  larger,  stonter,  and 
more  deeply  colored.  Above  rusty-chestnut,  most  castaneous  on 
the  back,  and  becoming  browner  on  the  forehead'.  Wings  and 
tail  with  indistinct,  narrow,  dusky  bars,  and  rump  with  concealed 
white  spots;  a  wide  post-ocular  stripe  of  dark  rusty  on  the 
upper  half  of  the  auriculars,  running  back. into  the  rusty  of  the 
nape.  Below  deep  rusty  ochraceous,  the  sides  and  flanks  showing 
indistinct  bars  of  darker  rusty ;  chin  and  crissum  soiled  whitish, 
the  latter  banded  with  dusky  black ;  a  continuous  superciliary  stripe 
of  pale  ochraceous,  bordered  above  by  a  blackish  line  along  each 
side  of  the  pilcum ;  cheeks  grayish  soiled  white,  with  faint  cres- 
centic  bars  of  dusky.  Bill  dusk}^  the  superior  tomium  and  lower 
mandible  pale  (lilaceous  in  life?);  feet  pale  horn  color.  Wing, 
2*75  ;  tail,  2*60 ;  culmen,  -90  ;  tarsus,  '95  :  middle  toe  (without 
the  claw),  -60. 

Habitat. — Miami  River,  eastern  Florida  (January  9,  1874;  C. 
J.  Maynard).     Type  No.  1864,  Mus.  R.  R. 

Remarks. — In  coloration,  this  strongly-marked  form  closely 
resembles  T.  Berlandieri  Baird  of  the  lower  Rio  Grande  (see  Hist. 
N.  Am.  B.,  I,  p.  144,  pi.  ix,  fig.  2),  but  the  size  is  greatly  larger 
than  even  the  most  northern  examples  of  Ludovicianus  proper, 
while  Berlandieri  is  smaller.  It  is  very  remarkable  that  the 
southern  foim  of  this  bird  should  be  so  much  larger  than  the 
northern  one,  in  direct  opposition  to  a  recognized  law  of  climatic 
variation,  but  we  have  another  case  of  this  same  exception  to  the 
rule  in  Catherpes  Mexicanus  (Swains.),  and  its  northern  race,  var. 
conspersuB  Ridgw.  (see  Hist;  N.  Am.  B.,  I,  pp.  138-140,  and  III, 
503)  ;  these  examples  probably  justifying  the  suggestion  made  by 
the  writer  (op.  crt.,  iii,  503),  that  an  exception  to  the  rule  of  de- 
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crease  in  size  to  tlie  southward,  in  resident  species,  may  be  made 
in  case  of  families  or  groups  of  families  which  have  in  temperate 
latitudes  only  outlying  genera  or  species,  the  increase  in  this  case 
being  to  the  southward,  or  towards  the  region  in  which  the  family 
or  group  is  most  highly  developed  ! — Robert  Ridgway. 

The  Frigate  Bird  and  White  Ibis  in  Connecticut. —  The 
occurrence  of  Tachypetes  aquihis  in  Connecticut  is  not  generally 
known,  Long  Island  being,  up  to  this  time,  the  northernmost 
locality  on  record  for  this  bird.  A  female  of  this  species  was 
killed  at  Faulkner's  Island  in  this  state  in  the  autumn  of  1859, 
and  is  now  in  the  collection  of  Capt.  Brooks.  It  was  hovering 
over  the  island  when  shot.  Late  in  the  afternoon  of  May  23, 1 
observed  near  Milford,  Conn.,  a  specimen  of  Ibis  alba,  I  recog- 
nized the  bird  as  it  flew  over  me,  and  following  it  to  a  small  pond 
where  it  went  down,  discovered  it  perched  upon  a  tree  over  the 
water.  I  carefully  examined  it  with  a  good  glas^,  at  a  distance 
of  about  one  hundred  and  fifty  yards,  and  hy  this  means  was  en- 
abled to  note  every  detail  of  form  and  color.  It  was  in  full 
plumage,  the  white  being  pure,  and  the  naked  skin  about  the 
head,  bright  red.  After  watching  it  for  a  few  moments  I  tried  to 
approach  it,  but  before  I  came  within  gunshot  it  flew,  uttering  a 
hoarse  cackle  as  it  went  oflF. —  Geo.  Bird  Grinnell,  New  Haven^ 
CoTiTiecticnt, 

New  Birds  in  Kansas. — Tlie  following  additions  to  the  Kansas 
list  have  recently  been  made :  Micropalama  himaittopus^  near 
Lawrence,  Sept.  9th  and  19th,  1874,  by  W.  Osburn;  Calidria 
arenaria,  same  locality,  Oct.  7th,  1874,  by  W.  E.  Stevens ;  ^gi- 
othus  linaria,  at  Baldwin,  fourteen  miles  from  Lawrence,  March 
13th,  1875,  by  John  Holzapfel,  also  seen  in  Western  Kansas  in 
November,  by  Mr.  Trippe,  as  recorded  in  Dr.  Coues'  *'  Birds  of 
the  Northwest ;"  Dendroeca  palmarum^  at  Topeka,  May  6th,  1875, 
by  E.  A.  Popenol.  To  these  should  be  added  Ampelis  gaiTulus^  a 
specimen  of  which  taken  at  Fort  Riley,  by  Dr.  Hammond,  is  in 
the  Smithsonian  collection.  The  Kansas  List  now  contains  292 
species. —  F.  H.  Snow,  Lawrence^  Kansas, 

Nematoids  in  Plants. — Greef  found  (SB.  Ges.  Marburg,  1872) 
certain  tubercles  on  the  root-fibres  of  Dodaxia  orientalis  full 
of  Anguillulse  in  all  stages,  from  the  egg  to  the  mature  and  preg- 
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nant  state  (these  had  previously  been  fonnd  in  similar  galls  on  the 
root-fibres  of  Sedum  and  grasses).  On  Anguillulae  of  Talcaria 
Bivinii  compare  Frauenfeld,  Verb.,  Z.-B.,  Ges.  Wien,  xxii,  p. 
396.  —  Zoological  Record  for  1872. 

OEOLOGY  AND   PAI.BONTOLOGY. 

The  Disintegration  of  Rocks  and  its  Geological  Signifi- 
cance.^ — This  subject  the  speaker  had  briefly  noticed  in  a  commu- 
nication to  the  Association  in  1873,  on  the  geology  of  the  Blue 
Ridge.  The  change  of  the  rocks  in  question  is  a  chemical  one,  which 
is  most  obvious  in  the  case  of  crystalline  rocks ;  the  feldspar  loses 
its  alkalies  and  part  of  its  silica,  being  changed  into  clay,  and  the 
hornblende  its  lime  and  magnesia,  retaining  its  iron  as  peroxide. 
From  this  results  a  softening  and  decay  of  the  rocks  to  greater 
or  less  depths,  so  that  while  the  beds  still  retain  their  arrangement, 
and  are  seen  to  be  traversed  by  veins  of  quartz  and  of  metallic 
ores,  they  are  often  so  much  changed  to  depths  of  a  hundred  feet 
or  more  as  to  be  readily  removed  by  the  action  of  water.  This 
phenomenon  is  well  seen  in  the  crj'stalline  rocks  of  the  Blue 
Ridge,  and  not  less  remarkably  in  those  of  Brazil,  where  it  has 
been  noticed  by  many  observers,  among  the  latest  of  which  is 
Professor  Hartt.  Darwin,  who  long  ago  described  it,  imagined 
the  change  to  have  been  effected  beneath  the  sea,  but  according 
to  the  speaker  it  has  been  a  sub-aerial  process,  wiiich  has  been  at 
work  during  past  ages,  when  the  composition  of  the  atmosphere 
and  the  climatic  conditions  differed  from  those  of  to-day,  and 
when  carbonic  acid,  aided  by  warmth  and  moisture,  abounded. 
He  connected  it  with  that  slow  purification  of  the  atmosphere 
which,  from  very  early  times,  has  been  going  on.  The  alkalies 
and  lime  and  magnesia,  set  free  in  this  process,  absorbed  the  at- 
mospheric carbonic  acid,  and  the  carbonates  carried  down  to  the 
sea  in  a  dissolved  state  gave  rise  to  limestones,  dolomites,  and 
common  salt.  Such  a  process  of  decay  was  already  active  at  an 
early  period,  and,  from  facts  observed  in  Missouri  by  Pumpelly, 
had  affected  the  iron-bearing  feldspar-porphyries  at  the  commence- 
ment of  palfleozoic  time.  It  was,  according  to  the  speaker,  from 
the  washing  down  of  the  thus  decomposed  crystalline  rocks  that 
all  the  clays  and  sands  which  had  gone  to  build  up  the  sediments 

1  Abstract  of  a  paper  read  before  the  American  Association  for  the  Advancement  of. 
Science,  at  the  Hartford  Ueeting,  August,  1871. 
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of  our  vast  beds  of  palaeozoic  and  more  recent  rocks  bad  1)een 
either  directly  or  indirectly  derived.  This  had  already  been 
pointed  out  by  Lyell  for  the  tertiaries  of  the  southern  states.  He 
thought  it  probable  that  the  process  of  decay  had  gone  on  with 
decreasing  energy  to  our  times,  though  it  is  now  insignificant  in 
its  action,  owing  to  changed  atmospheric  conditions. 

The  speaker  drew  a  picture  of  North  America  in  past  geological 
ages.  The  frequently  taught  notion  of  the  growth  of  our  conti- 
nent southward  and  outward  from  a  nucleus  in  the  vicinity  of  the 
great  lakes  has  no  foundation  in  fact,  and  the  study  of  the  un- 
crystalline  sedimentary  formations  tells  a  different  story.  The 
great  palaeozoic  basin  was  to  the  east  and  west,  as  well  as  the 
north,  surrounded  by  areas  of  decaying  crystalline  rocks.  Those 
of  New  England,  of  the  Blue  Ridge,  and  of  the  crystalline  ai*ea 
to  the  east  of  it  are  the  remains  of  a  great  disintegrated  and 
wasted  continent,  whose  ruins  have  built  up  the  uncrystalline 
rocks  to  the  westwai*d  of  it,  as  well  as  the  sediments  along  the 
eastern  and  southern  borders  of  the  United  States.  Up  to  a  com- 
paratively recent  period,  the  hills  of  New  England,  eastern  New 
York  and  New  Jersey,  were  probably,  like  those  farther  south- 
ward along  the  Blue  Ridge,  deeply  covered  by  the  products  of 
their  own  decay,  and  from  these  were  derived  the  clays,  as  well 
as  the  brpwn  iron  ores  which  are  found  along  the  base  of  the  Blue 
Ridge  and  its  northeastern  continuation. 

It  was  during  the  glacial  period,  which  the  speaker  considered 
to  have  been  one  of  submergence  and  subsequent  gradual  uplift 
of  northeastern  America,  at  which  time  it  was  exposed  to  the 
action  of  local  glaciers  and  to  the  iceberg-drift  of  the  polar 
current,  that  the  final  removal  of  this  decayed  covering  from 
our  hills  had  taken  place,  while  farther  southward  the  mountains 
beyond  the  reach  of  this  denuding  action  still  retained  to-day 
their  covering  of  decayed  rock.  A  similar  condition  of  things  is 
to  be  seen  in  northwestern  Minnesota,  where,  according  to  White, 
the  decayed  crystallines  have  escaped  denudation.  The  process 
of  decay  in  the  more  massive  and  granite-like  rocks  had  often 
been  incomplete,  and  working  from  natural  joints  had  left  un- 
changed nuclei  of  hard  rock  which,  when  erosion  took  place,  re- 
mained as  rounded  masses  or  bowlders ;  a  point  which  has  been 
well  brought  out  by  Mr.  Burbank  from  his  studies  in  North  Caro- 
lina, and  throws  much  light  on  our  northern  drift-deposits. 
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A  profopnd  decay  had  also  aflTected  the  hard  palaeozoic  lime- 
stones, from  which  the  carbonate  of  lime  had  been  dissolved, 
leaving  a  porous,  rotten  rock  behind.  This,  as  Dawson  has 
shown,  is  well  seen  in  the  impure  argillaceous  Trenton  limestone 
near  Montreal,  which,  in  localities  protected  by  trappean  dikes 
from  the  eroding  action  which  came  from  the  northeast,  is  found 
deeply  decayed,  while  elsewhere,  near  by,  its  hard  surface  is  worn 
down  and  glaciated.  Examples  of  a  similar  local  exemption  of 
the  decayed  crystalline  rocks  from  erosion  are  not  wanting  in 
New  England.^ 

The  speaker  alluded,  in  closing,  to  a  process  of  mechanical  dis- 
integi'ation,  without  chemical  change,  which  in  past  ages  had 
broken  up  undecayed  crystalline  rocks  to  form  breccias  and  con- 
glomerates. These  are  seen  locally,  from  the  ancient  porphyry- 
conglomerates  of  the  Lake  Superior  copper-mines  to  very  recent 
deposits,  and  a  remarkable  example  is  met  with  In  the  beds  of 
granitic  material,  which,  in  a  recemented  state,  make  up  parts  of 
the  red  sandstone  of  the  Connecticut  valley.  The  slow  breaking 
up  of  many  crystalline  rocks  by  the  action  of  frost  had  been  sug- 
gested by  Dawson  as  a  potent  agent  in  the  production  of  such 
material,  and  the  speaker  conceived  that  this,  in  the  pfesent  state 
of  our  knowledge,  was  the  most  probable  explanation  of  its 
origin. — T.  Sterrt  Hunt. 

ANTHBOPOLOGY. 

Artificial  Perforation  op  the  Cranium. — I  wish  to  call  at- 
tention to  what  seems  to  me  to  betoken  a  singular  practice  con- 
nected with  the  burial  ceremonies  of  the  aboriginal  inhabitants  of 
this  country,  and  of  which  I  can  find  nothing  on  record  in  the 
books,  notwithstanding  the  remarkable  nature  of  the  custom,  and 
the  indubitable  marks  which  would  remain  to  testify  in  instances 
where  it  had  been  adhered  to.  I  have  reference  to  the  artificial 
perforation  of  the  top  of  the  head  after  death. 

The  circular  aperture,  evidently  made  by  boring  with  a  rude, 
probably  stone,  implement,  varies  in  size,  in  some  instances  having 

1  An  example  of  Ihis  is  seen  in  Kent  in  ConuocUcnt,  and  also  in  North  Adams, 
MasBaohnsetts,  iirhcre  the  tnnnel  lately  made  through  the  Hoosac  Mountain  shows 
that  the  gneiss  rock  at  its  western  base  is  completely  decomposed  to  a  depth  of  200 
feet  or  more;  while  on  the  summit  of  the  mountain  are  seen  worn  and  glaciated  sur- 
faces of  the  ram  ?  rock  in  an  undeoomposed  state. 
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a  diameter  of  one-third,  in  others  one-half  of  an  inch,  and  flaring 
at  the  surface.  It  is  invariably  placed  in  a  central  position  at  the 
top  of  the  skull. 

The  first  instance  of  its  being  brought  to  my  knowledge  was  in 
the  year  1869,  when  I  took  from  the  Great  Mound  on  the  River 
Rouge,  Michigan,  two  fragments  of  crania,  each  of  which  exhib- 
ited this  perforation.  A  skull  recently  presented  to  the  museum 
of  the  Detroit  Scientific  Association  by  Mr.  A.  C.  Davis,  and 
which  was  exhumed  fi-om  a  mound  on  the  Sable  River,  Lake 
Huron,  Michigan,  also  has  this  mark.  From  ten  to  fifteen  skulls 
were  taken  from  the  same  mound,  all  being  similarly  perforated, 
and  there  being,  as  I  am  informed,  no  other  remains  interred  with 
them.  During  last  Summer  (1874),  in  some  further  excavations 
made  in  the  Great  Mound  at  the  River  Rouge,  among  other  relics 
exhumed  were  eight  crania,  t^o  of  which  had  this  aperture.  Of 
the  remaining  bones  of  the  bodies  pertaining  to  the  two  skulls  in 
question,  I  specially  noticed  that  many  were  wanting,  and  that 
those  present  were  heaped  en  masae^  and  not  in  the  usual  manner 
of  burial,  seeming  to  imply  that  they  were  interred  subsequently 
to  being  denuded  of  the  flesh  and  the  other  soft  parts  of  the  body. 

Besides  the  foregoing  instances  of  this  curious  custom  which 
have  been  brought  to  my  immediate  knowledge,  I  have  since  been 
informed  of  the  finding  of  a  skull  at  Saginaw,  Michigan,  which 
presented  the  peculiarity ;  but  in  this  case  there  were  three  per- 
forations arranged  cocoanut  fashion. 

All  enquiry  which  I  have  made  of  learned  societies  or  individ- 
uals in  regard  to  this  observance  has  elicited  an  utter  disclaiming 
of  all  knowledge  on  the  subject.  The  two  largest  collections  in 
Ethnology  in  this  country,  the  Smithsonian  Institution  and  the 
Peabody  Museum,  contain  no  evidence  of  it.  Prof.  Joseph  Henry, 
in  replj'ing  to  my  queries,  stated  that  the  only  information  he  had 
procured  in  relation  to  perforated  skulls  was  the  following  from 
Prof.  Mason  of  Columbian  College  :  "  It  is  an  interesting  coinci- 
dence that  the  head-hunting  Dyaks  of  Borneo  have  a  house  in  the 
centre  of  their  village,  in  an  upper  story  of  which  they  keep  the 
heads  which  they  capture  suspended  by  a  string  which  passes 
through  a  perforation  in  the  top  of  the  skull."  The  late  lamented 
Prof.  Wyman,  in  a  letter  written  me  the  day  before  his  death,  em- 
phatically states  that  the  fact  of  this  perforation  was  new  to  him  ; 
adding :  "  There  is  nothing  of  the  kind  in  any  of  the  skulls  in  our 
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museum,  nor  have  I  seen  it  mentioned  as  existing  elsewhere."  A 
fnend  has  learned  for  me  that  an  educated  Indian  makes  the  state- 
ment, in  reply  to  our  enquiry,  that  he  remembers  hearing  his 
father  say  that  formerly  the  heads  of  distinguished  men  and  chiefs 
were  honored  by  this  mark  after  death. 

The  skull  from  the  Sable  River  is  of  a  dark  color,  and  its  lat- 
itudinal or  cephalic  index,  .770,  would  place  it  within  the  Ortho- 
cephalic  or  medium  range  ;  the  altitudinal  index  beihg  inferior,  or 
exactly  .745.  The  foramen  magnum  (contrary  to  the  cranium  of 
the  North  American  Indian)  has  a  central  position,  its  index  being 
.501.  The  two  perfect  specimens  from  the  Rouge  River  are  de- 
cidedly' Brachy cephalic,  the  cephalic  indices  being  respectively 
.822  and  .853,  the  altitudinal  indices  being  inferior,  or  respec- 
tively .733  and  .828,  while  the  indices  of  the  foramen  magnum 
are,  in  one  case  .441,  and  in  the  other  .507.  • 

It  is  to  be  hoped  that  in  thus  calling  attention  to  this  singular 
custom,  funther  information  will  be  eliciteil ;  and  I  take  this  oppor- 
tunity of  earnestly  soliciting  the  communication  of  any  facts 
beaiing  on  the  subject,  which  I  shall  thankfully  receive  and  duly 
acknowledge. 

Since  sending  the  foregoing  to  the  Naturalist,  my  attention 
has  been  called  to  a  note  in  Harpers'  Magazine  for  May,  1875,  is- 
sued since  my  remarks  were  written,  which  states  that  "  a  com- 
munication made  by  Dr.  Prunieres  (de  Marvejols)  before  the 
meeting  of  the  French  Association  for  the  Advancement  of  Sci- 
ence, at  Lille,  treated  of  the  curious  artificial  perforations  common 
among  the  neolithic  skulls  of  the  Lozere.  These  perforations 
vary,  in  the  pieces  exhibited,  from  an  inch  to  an  inch  and  a  quarter 
in  diameter.  Near  the  perforated  skulls  were  found  rings  of  cra- 
nial bone,  which  seemed  to  be  designed  as  amulets.  These  were 
evidently  worked  with  flint  tools.  The  men  of  the  polished  stone 
age  practised  trepanning;  for  if  some  of  the  skulls  appear  to 
have  been  perforated  after  death,  others  were  treated  during  life, 
and  the  patients  had  lived  for  years  afterward.  One  skull  pre- 
sented three  perforations  made  near  each  other  upon  a  line  folre 
and  aft.  There  is  no  distinction  of  age,  the  excisions  occurring 
upon  infants  as  well  as  upon  adults.  The  motive  of  this  strange 
custom  was  either  medical  or  superstitious.  They  probably  at- 
tributed disease  to  supernatural  agencies.  The  evil  spirit  escap- 
ing through  the  opening  made  by  the  sorcerer,  who  wrapped  the 
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operation  in  a  shroud  of  mystery  by  preserving  the  detached  piece 
as  a  precious  relic.  From  the  appearance  of  these  facts  reported 
by  the  learned  archaeologist  of  Lozere,  he  said  that  a  new  light 
had  been  shed  upon  the  intellectual  state  of  man  in  the  polished 
stone  age.  It  explained  his  religious  conceptions,  and  confirmed 
the  discovery  of  the  figure  of  a  goddess  in  the  caverns  of  Baye 
(Marne).  M.  Broca  remarked  that  perforated  skulls  were  also 
found  at  the  fast  named  station.  Among  the  skulls  dug  up  by 
General  Faidherbe  were  found  two  in  the  same  condition.  Dr. 
Chil,  from  the  Canary  Islands,  said  that  perforated  skulls  had 
been  found  in  the  ancient  burial-places  of  his  country.  Notice 
was  also  called  to  an  example  from  the  grotto  of  Lorde,  upon 
which  M.  Hamy  and  M.  Chaplain-Dupare  gave  some  interesting 
details.  A  similarly  perforated  or  trepanned  skull  was  found  by 
Mr.  E.  G.  Squier  among  some  ancient  Peruvian  crania  collected 
by  him." 

The  original  report  I  have  not  seen  ;  but  the  concluding  remark, 
on  the  Penivian  skull,  removes  some  doubt  as  to  the  kind  of  per- 
foration described.  In  the  well-known  instance  discovered  by  Mr. 
Squier,  the  character  and  the  meaning  of  the  operation  (trepan- 
ning, the  excision  having  been  made  during  the  lifetime  of  the  in- 
dividual) are  so  evident,  and  the  shape  (rectangular)  and  the 
position  (on  the  left  side  of  the  frontal  bone)  so  different  from 
that  of  the  perforations  which  I  have  described  in  the  crania  from 
Michigan,  that  I  never  for  a  moment  associated  them,  and  there- 
fore made  no  reference  to  the  Peruvian  skull.  The  same  view, 
we  may  presume,  was  taken  by  the  learned  persons  to  whom  I  re- 
ferred my  discoveries,  who  could  scarcely  bo  supposed  ignorant  of 
the  case  in  question. 

I  find  no  positive  statement  as  to  the  position  of  the  perfora- 
tions mentioned  at  the  meeting  of  the  French  Association ;  but 
judge  from  certain  remarks  that  (again  unlike  our  instances  from 
Michigan)  there  was  no  constant  position  observed.  In  certain 
cases  of  trepanning  the  position,  of  course,  must  have  varied  with 
the  location  of  the  injury  to  be  operated  on. 

In  short,  the  perforation  which  I  find  in  the  Michigan  crania  is 
exceptional — rarely  present;  it  is  simply  a  circular  hole  about 
half  an  inch  (more  or  less)  in  diameter,  apparently  rudely  bored, 
invariably  in  the  top  of  the  head  of  adults,  and  made  after  death  ; 
while  those  cases  described  in  France,  though  only  so  recently 
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brought  to  notice,  are  quite  numerous,  and  appear  to  be  what  may 
be  more  correctly  termed  trepanning,  that  is  the  part  of  the  skull 
op.erated  on  was  removed  entire,  and  all  ages  are  represented. 

I  have  purposely  refrained  from  much  mention  of  m}'  specula- 
tions on  this  custom  of  our  aboriginal  people ;  yet  I  have  thought 
that  the  superstition  of  the  modern  North  American  Indian  in  re- 
gard to  there  being  two  souls,  one  of  which  visits  the  body  after 
death,  may  throw  some  light  on  the  subject.  We  know  that  the 
coverings  of  their  graves,  made  of  wood  or  bark,  always  have  a 
perforation  at  one  extremity'  for  the  supposed  entrance  and  egress 
of  the  soul.  But  the  question  arises  —  Why,  then,  is  not  the  per- 
foration of  the  skull  constant,  or  at  least  more  frequent? — Henkt 
GiLLMAK,  Detroit^  Michigan, 

MICBOSCOPY. 

A  New  Selp-oentrino  Turn-table. —  Mr.  C.  F.  Cox,  of  New 
York,  has  contrived  a  turn-table  which  centres  the  slide  unernngly, 
and  is  at  the  same  time  a  convenient  working  instrument.  The  slide 
is  held,  by  pressure  upon  two  diagonally  opposite  corners,  between 
two  clutches  that  are  made,  by  a  right  and  left  screw,  to  move 
toward  or  from  the  centre  simultaneously  and  at  a  uniform  rate. 
The  centre  of  revolution  must  therefore  coincide  with  the  centre 

Pig.  210. 


Cox'0  Self-centring  Turn-table. 

of  the  diagonal  of  the  slide  which  is  the  exact  centre  of  a  truly 
rectangular  slide,  and  is  practically  the  centre  of  any  slide  fit  to 
be  used.  This  very  useful  piece  of  apparatus  is,  fortunately  for 
the  taste  of  its  inventor  and  for  the  convenience  of  other  micros- 
copists,  unencumbered  by  a  patent ;  and  it  has  been  already  con- 
structed by  Miller  Bros,  and  by  J.  W.  Queen  &  Co.  The  style 
made  by  the  latter  firm  is  figured  in  the  accompanying  cut. 


Digitized  by  CjOOQIC 


478  NOTES. 

For  all  new  work,  sncU  as  making  varnish  cells  or  centring 
cells  or  objects  of  any  kind,  this  turn-table  seeras  worthy  to  super- 
sede all  previous  forms.  For  repairing  old  work,  which  may  not 
be  well  centred  originally,  it  should  be  provided  with  a  spring 
clip  under  which  a  mounted  object  can  be  centred  by  the  concen- 
tric circles  in  the  usual  manner,  and  which,  when  not  in  use,  can 
be  removed  entirely  from  the  table.  B}"^  a  general  adoption  of  such 
a  table  much  of  the  anno3'iince  incidental  to  revarnishing  slides 
would  be  avoided.- 

NOTES. 

Prof.  D.  S.  Jordan  has  prepared,  for  the  Report  for  1874  of 
the  Indiana  State  Geological  Survey,  a  preliminary  list  of  the 
fishes  which  he  has  found  in  Indiana,  also  including  those  likely 
to  be  obtained  in  the  waters  of  the  state.  This  list  is  prepared 
for  the  purpose  of  inducing  local  collectors  to  examine  the  streams 
and  lakes  of  the  state.  While  all  such  local  lists  are  much  wanted, 
we  think  a  mistake  is  made  in  using  the  "Key"  system  for  the 
means  of  identification.  Why  is  it  not  just  as  well  to  give  the 
characters  of  the  orders,  families,  genera  and  species,  and  thus 
teach  the  collector  as  he  works  out  his  specimens,  instead  of  mak- 
ing him  follow  out  a  series  of  artificial  groups  until  he  finds  some- 
thing that  will  answer  to  the  specimen  he  has  in  hand.  The  labor 
by  the  last  method  is  not  lessened,  and  when  the  end  is  reached 
only  a  name  is  secured,  whereas  by  the  former  method  the  name 
is  found  as  readily,  and  much  has  been  learned  in  hunting  it 
out. 

The  Trustees  of  the  Metropolitan  Museum  of  Art  (New  York), 
have  recently  issued  two  instructive  pamphlets,  which  also  illus- 
trate the  riches  in  their  keeping.  One  of  thQse  is  a  "  Guide  to 
the  Cesnola  Collection,"  and  gives  a  general  account,  with  a  num- 
ber of  cuts,  of  this  most  valuable  collection  of  ancient  art  from 
the  excavations  made  on  the  Island  of  Cyprus.  This  collection 
was  purchased  by  the  Museum  for  about  $50,000,  and  is  the  result 
of  seven  years  labor  on  the  part  of  General  Cesnola,  during  which 
time  over  eight  thousand  Phcenician  tombs  were  opened.  These 
tombs  were  situated  six  and  one-half  feet  below  the  more  recent 
Greek  tombs,  and  the  most  recent  date  given  to  them  is  about 
800  or  1,000  years  before  Christ.  The  other,  and  much  larger, 
pamphlet  is  a  "  Hand  Book  for  the  use  of  visitors  examining  Pot- 
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tery  and  Porcelain  in  the  Museum,"  and  contains  much  valuable 
information  relative  to  both  ancient  and  modern  pottery. 

The  Peabody  Museum  of  Archjeology  and  Ethnology  at  Cam- 
bridge, has  recently  received  from  Mr.  Alexander  Agassiz,  a  very 
large  and  important  collection  made  by  himself  and  Mr.  Garman 
during  the  past  winter,  and  illustrating  the  archceology  and  eth- 
nology of  ancient  and  modern  Peru.  A  large  number  of  vases, 
several  mummies,  and  articles  of  various  kinds  found  in  the 
graves,  were  obtained  from  ancient  burial  grounds  near  the  coast. 
Some  veiy  interesting  vessels  were  secured  at  Lake  Titicaca,  and 
a  number  of  human  crania  were  taken  from  the  burial  towers  near 
the  lake ;  while  the-  collection  of  articles  now  in  use  by  the  In- 
dians gives  the  means  of  comparing  the  past  with  the  present. 
This  very  valuable  addition  will  not  be  arranged  until  the  cases 
in  Boylston  Hall,  recently  occupied  by  the  "Wj'man  Anatomical 
Museum,  are  fitted  for  the  reception  of  the  specimens  belonging  to 
the  Peabody  Museum. 

Prof.  H.  A.  Ward,  of  Rochester,  has  just  issued  a  new  cata- 
logue of  osteological  preparations,  which  shows  the  immense  facil- 
ities at  his  control  in  the  way  of  furnishing  skeletons,  skulls  and 
special  preparations,  to  those  who  wish  to  obtain  specimens  for 
their  own  study  or  for  schools  and  museums.  Uutil  Prof.  Ward's 
establishment  was  started,  Americans  were  dependent  on  Paris  for 
such  specimens,  but  now  anything,  from  a  skeleton  of  a  man  down 
to  that  of  a  fish,  can  be  had  at  fair  prices  by  sending  to  Rochester, 
New  York. 

The  Cincinnati  Quarterly  Jotimal  of  Science  for  July  contains 
a  very  readable  article  on  the  "  Atlantis  "  tradition  as  given  by 
Plato,  and  its  bearing  on  the  supposed  early  intercourse  between 
the  prehistoric  civilizations  of  the  old  world  and  America.  The 
author,  Mr.  L.  M.  Hosea,  advocates  the  former  relations  between 
the  ancient  races  of  America  and  the  old  Egyptians,  and  points 
out  many  resemblances  between  the  two  civilizations. 

In  the  forthcoming  report  by  the  State  Geologist  of  Indiana,  of 
which  we  have  been  favored  with  advance  sheets,  Professor  Cox 
describes  and  gives  plans  of  the  several  ancient  works  in  Indiana 
of  which  mention  was  made  in  our  last  number.  Professor  Cox 
also  describes  and  figUres  in  the  same  report  a  number  of  Pipes  of 
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the  Mound  builders,  and  he  is  entitled  to  much  credit  in  thus 
making  known  the  antiquities  of  the  state. 

The  excursion  of  the  Cambridge  Entomological  Club  to  the 
White  Mountains  started  on  July  8.  About  thirty  persons,  in- 
cluding ladies,  will  remain  in  camp  for  three  or  four  weeks.  The 
camp  will  be  located  near  the  Half-way  House  on  Mt.  Washington, 
and  in  an  interesting  field  for  collecting. 

The  Cincinnati  Society  of  Natural  History  have  recently  re- 
ceived a  bequest  of  $50,000  from  Mr.  Charles  Bodman  of  Cincin- 
nati. As  no  conditions  are  attached  to  the  bequest  the  Society 
will  be  placed  in  a  position  that  will  enable  it  to  do  much  for  the 
advancement  of  scieiwe  in  the  west. 

At  a  recent  meeting  of  the  Trustees  of  the  Peabody  Academy 
of  Science,  Professor  Gray,  who  was  one  of  the  original  Trustees, 
withdrew  from  the  board,  and  Dr.  Coggswell  of  Bradford,  and  Mr. 
John  Robinson  of  Salem,  were  elected  to  fill  vacancies. 

The  distinguished  geologist,  Sir  William  Logan,  for  many  yesLrs 
the  head  of  the  Geological  Survey  of  Canada,  died  at  Ontario,  on 
June  28lh. 
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Gentlemen  and  Ladies  of  tub  American  Association  for 
THE   Advancement   of  Science:  — 

The  founders  of  science  in  America,  and  the  other  great  stu- 
dents of  nature,  who  have  in  previous  years  occupied  the  elevated 
position  in  which  I  now  stand,  have  addressed  you  upon  many 
momentous  subjects.  In  fulfilling  the  final  duty,  assigned  to  your 
Presidents  by  the  laws  of  the  Association,  some  have  spoken  to 
you  in  solemn  and  wise  words  concerning  the  duties  and  privileges 
of  men  of  science :  and  the  converse  duties  of  the  pation  towards 
those  earnest  and  disinterested  promoters  of  knowledge.  Others 
again  have  given  you  the  history  of  the  development  of  their 
respective  branches  of  study,  and  their  present  condition,  and 
have,  in  eloquent  diction,  commended  to  your  gratitude  those  who 
have  established  on  a  firm  foundation  the  basis  of  our  modem 
systems  of  investigation. 

The  recent  clianges  in  our  Constitution,  by  which  you  are  led  to 
expect  from  your  two  Vice-presidents,  and  from  the  Chairman  of 
the  Chemical  Subsection,  addresses  on  the  progress  made  during 
the  past  3'ear,  restrain  me  from  invading  their  peculiar  fields  of 

F.nt(*red.  according  to  Act  of  Congress.  In  the  year  1875,  by  the  PXABODT  ACADKMT  OF 
SciKNCX,  In  the  Oflloe  of  the  Librarian  of  Congreaa,  at  WaalilDctoii. 
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labor,  by  alluding  to  scientific  work  which  has  been  accomplished 
since  our  last  meeting.  While  delicacy  forbids  me  fVom  so  doing, 
I  am  equally  debarred  fh)m  repeating  to  you  the  brief  sketch  I 
endeavored  to  give  at  a  former  meeting  ^  of  the  history,  and  pres- 
ent condition  of  Entomology  in  the  United  States. 

But  it  has  appeared  to  me  that  a  few  thoughts,  which  have  im- 
pressed themselves  on  my  mind,  touching  the  fbture  results  to  be 
obtained  IVom  certain  classes  of  facts,  not  yet  fully  developed,  on 
account  of  the  great  labor  required  for  their  proper  comparison, 
may  not  be  without  value.  Even  if  the  facts  be  not  new  to  you,  I 
hope  to  be  able,  with  3'our  kind  attention,  to  pi*esent  them  in  such 
way  as  to  be  suggestive  of  the  work  yet  to  be  done. 

It  has  been  perhaps  said,  or  at  least  it  has  been  often  thought, 
that  the  first  mention  of  the  doctrine  of  evolution,  as  now  ad- 
mitted to  a  greater  or  less  degree  by  every  thinking  man,  is  found 
in  Ecclesiastes,  i,  9  : — 

^^  The  thing  that  hath  been  is  that  which  shall  be ;  and  that 
which  is  done  is  that  which  shall  be  done ;  and  there  is  no  new 
thing  under  the  sun.  Is  there  anything  whereof  it  may  be  said, 
See,  this  is  new  ?  It  hath  been  already  of  old  time,  which  was 
before  us." 

Other  references  to  evolutionary  views  in  one  form  or  another 
occur  in  the  writings  of  several  philosophers  of  classic  times,  as 
you  have  had  recent  cause  to  remember. 

Whether  these  are  to  be  considered  as  an  expression  of  a  per- 
fect truth  in  the  very  imperfect  language  which  was  alone  intelligi- 
ble to  the  nation  to  whom  this  sacred  book  was  immediately  ad- 
dressed on  the  one  hand  ;  and  the  happy  guesses  of  philosophers, 
who  by  deep  intuition  had  placed  themselves  in  close  sympathy 
with  the  material  universe,  on  the  other  hand,  I  shall  not  stop  to 
enquire.  The  discussion  would  be  profitless,  for  modern  science 
in  no  way  depends  for  its  magnificent  triumphs  of  fact  and 
thought  upon  any  utterances  of  the  ancients.  It  is  the  creation 
of  patient  intelligent  labor  of  the  last  two  centunes,  and  its  re- 
sults can  be  neither  confuted  nor  confirmed  by  anything  that  was 
said,  thought  or  done  at  an  earlier  period.  I  have  merely  referred 
to  these  indications  of  doctnnes  of  evolution  to  recall  to  your 
minds  that  the  two  great  schools  of  thought,  which  now  divide 
philosophers,  have  existed  from  very  remote  times.    They  are, 
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therefore,  in  their  origin,  probably  independent  of  correct  scien- 
tific knowledge. 

You  have  learned  from  the  geologists,  and  mostly  from  those  of 
the  present  centnry,  that  the  strata  of  the  earth  have  been  suc- 
cessively formed  from  iVagments  more  or  less  comminuted  by  me- 
chanical action,  more  or  less  altered  by  chemical  combination  and 
molecular  rearrangement.  These  fragments  were  derived  from 
strata  previously  deposited,  or  from  material  brought  up  from 
below,  or  even  thrown  down  from  above,  or  from  the  debris  of 
organic  beings  which  extracted  their  mineral  constituents  from 
surrounding'  media.  Nothing  new  has  been  added,  everything  is 
old :  only  the  arrangement  of  the  parts  is  new,  but  in  this  arrange- 
ment definite  and  recognizable  unchanged  fragments  of  the  old 
frequently  ronain.  Geological  obseri^ation  is  now  so  extended 
and  accurate  that  an  experienced  student  can  tell  from  what  for- 
mation, and  even  from  what  particular  locality  these  fragments 
have  been  derived. 

I  wish  to  show  that  this  same  process  has  taken  pliace  in  the 
organic  world,  and  that  by  proper  methods  we  can  discover  in  our 
fauna  and  flora  the  remnants  of  the  inhabitants  of  former  geologic 
times,  which  remain  unchanged,  and  have  escaped  those  influences 
of  variation  which  are  supposed  to  account  for  the  differences  in 
the  organic  beings  of  diflbrent  periods. 

Should  I  succeed  in  this  efibrt,  we  will  be  hereafter  enabled  in 
groups  of  animals  which  are  rarely  preserved  in  fossil  condition, 
to  reconstruct,  in  some  measure,  the  otherwise  extinct  faunee,  and 
thus  to  have  a  better  idea  of  the  sequence  of  generic  forms  in  time. 
We  will  also  have  confirmatory  evidence  of  certain  changes  which 
have  taken  place  in  the  outline  of  the  land  and  the  sea.  More  im- 
portant still,  we  will  have  some  indications  of  the  time  when 
greater  changes  have  occurred,  the  rock  evidence  of  which  is  now 
buried  at  the  bottom  of  the  ocean,  or  perhaps  entirely  destroyed 
by  erosion  and  separations.  Of  these  changes,  which  involved 
connections  of  masses  of  land,  no  surmise  could  be  made,  except 
through  evidence  to  be  gained  in  the  manner  of  which  I  am  about 
to  speak. 

My  illustrations  will  naturally  be  drawn  from  that  branch  of 
zoology,  with  which  I  am  most  familiar ;  and  it  is  indeed  to  your 
too  partial  estimate  of  my  studies  in  that  science,  that  I  owe  the 
privilege  of  addressing  you  on  the  present  occasion. 
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There  are,  as  yoo  know,  a  particular  set  of  Coleoptera  which 
affect  the  seashore ;  they  are  not  very  numerous  at  any  locality, 
but  among  them  are  genera  which  are  represented  in  almost  every 
country  of  the  globe.  Such  genera  are  called  cosmopolitan,  in 
distinction  to  those  which  are  found  only  in  particular  districts. 
Several  of  these  genera  contain  species  which  are  very  nearly 
allied,  or  sometimes  in  fact  undistinguishable  and  therefore  iden- 
tical along  extended  lines  of  coast. 

Now  it  happens  that  some  of  these  species,  though  they  never 
stray  from  the  ocean  shore  inland,  are  capable  of  living  upon 
similar  beaches  on  fresh  water  lakes,  and  a  few  ai*e  found  in  local- 
ities which  are  now  quite  inland. 

To  take  an  example,  or  rather  several  examples  together,  for 
the  force  of  the  illustration  will  be  thereby  greatly  increased. 

Along  the  whole  of  the  Atlantic,  and  the  greater  part  of  the 
Pacific  coast  of  the  United  States,  is  found  in  great  abundance  on 
sand  beaches,  a  species  of  Tiger-beetle,  Cicindela  hirticoUis^  an  ac- 
tive, winged  and  highly  predaceous  insect ;  the  same  species  occurs 
on  the  sand  beaches  of  the  great  lakes,  and  were  it  confined  to  these 
and  similar  localities,  we  would  be  justified  in  considering  it  as  living 
there  in  consequence  solely  of  the  resemblance  in  the  conditions 
of  existence.  But,  it  is  also  found,  thpugh  in  much  less  abun- 
dance, in  the  now  elevated  region  midway  between  the  Mississippi 
and  Rocky  Mountains,  Now,  this  is  the  part  of  the  continent 
which,  after  the  division  of  the  great  intercontinental  gulf  in  Cre- 
taceous times,  finally  emerged  fVom  the  bed  of  the  sea,  and  was  in 
the  early  and  middle  Tertiary  converted  into  a  series  of  immense 
fresh  water  lakes.  As  this  insect  does  not  occur  in  the  territory 
extending  ft-om  the  Atlantic  to  beyond  the  western  boundary  of 
Missouri,  nor  in  the  interior  of  Oregon  and  California,  I  think 
that  we  should  infer  that  it  is  an  unchanged  survivor  of  the  spe- 
cies which  lived  on  the  shores  of  the  Cretaceous  ocean,  when  the 
intercontinental  gulf  was  still  open,  and  a  passage  existed,  more- 
over, towards  the  south-west,  which  connected  with  the  Pacific. 

The  example  I  have  given  you  of  the  geographical  distribution 
of  Cicindela  hirticollis  would  be  of  small  value,  were  it  an  isolated 
case ;  nor  would  I  have  thought  it  worthy  of  occupying  your  time, 
on  an  occasion  like  this,  which  is  Justly  regarded  as  one  for  the 
communication  of  important  truth.  This  insect,  which  I  have  se- 
lected as  a  type  for  illustrating  the  methods  of  investigation  to 
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which  I  invite  your  attention,  is,  however,  accompanied  more  or 
less  close]}'  by  other  Coleoptera,  which  like  itself  are  not  particular 
as  to  the  nature  of  their  food,  so  long  as  it  be  other  living  insects, 
and  apparently  are  equally  indifferent  to  the  presence  of  large 
bodies  of  salt  water.  First,  there  is  Cicindela  lepida^  first  collected 
by  my  father,  near  Trenton,  New  Jersey,  afterwards  found  on 
Coney  Island,  near  New  York,  and  received  by  me  from  Kansas 
and  Wisconsin ;  not,  however,  found  west  of  the  Rocky  Mountains. 
This  species,  thus  occurring  in  isolated  and  distant  localities,  is 
probably  in  process  of  extinction,  and  may  or  may  not  be  older  than 
C7.  hirticoUis,  I  am  disposed  to  l>elieve,  as  no  representative  spe- 
cies occurs  on  the  Pacific  coast,  and  from  its  peculiar  distribution, 
that  it  is  older.  Second,  there  is  Di/scfiirius  palUpenniSj  a  small 
Carabide,  remarkable  among  other  species  of  the  genus  by  the 
pale  wing  covers,  usually  ornamented  with  a  dark  spot.  This  in- 
sect is  abundant  on  the  Atlantic  coast  from  New  York  to  Virginia, 
unchanged  in  the  interior  parts  of  the  Mississippi  valley,  repre- 
sented at  Atlantic  City,  New  Jersey,  by  a  larger  and  quite  distinct 
specific  form,  C.  adlcUuSj  and  on  the  Pacific  coast  by  two  or  three 
species  of  larger  size  and  different  shape,  which  in  my  less  experi- 
enced youth  I  was  disposed  to  regard  as  a  separate  gequs  AkephO' 
ru8.  This  form  is,  therefore,  in  a  condition  of  evolution, — how,  I 
know  not,— our  descendants  may.  The  Atlantic  species  are 
winged,  the  Pacific  ones,  like  a  large  number  of  insects  of  that 
r^on  are  without  wings. 

Accompanying  these  are  Coleoptera  of  other  families,  which 
have  been  less  carefully  studied,  but  I  will  not  trespass  upon  your 
patience  by  mentioning  more  than  two.  Bledius  pcUlipennis 
(StaphylinidcB)  is  found  on  salt  marshes  near  New  York,  on  the 
Southern  sea  coast,  and  in  Kansas, — Ammodonus  fossor^  a  wing- 
less Tenebrionide,  Trenton,  seashore  near  New  York,  and  valley  of 
Mississippi  at  St.  Louis;  thus  nearly  approximating  Cicindela 
lepida  in  distribution. 

We  can  thus  obtain  by  a  carefbl  observation  of  the  localities  of 
insects,  especially  such  as  affect  seashore  or  marsh,  and  those 
which  being  deprived  of  their  favorite  surroundings,  have  shown, 
if  I  may  so  express  myself,  a  patriotic  clinging  to  their  native 
soil,  most*valuable  indications  in  regard  to  the  time  at  which  their 
unmodified  ancestors  first  appeared  upon  the  earth.  For  it  is  ob- 
vious that  no  tendency  to  change  in  different  directions  by  ^^  nu- 
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merous  successive  slight  inodifications  *'  ^  would  produce  a  uniform 
result  in  such  distant  localities,  and  under  such  varied  conditions 
of  life.  Properly  studied,  these  indications  are  quite  as  certain 
as  though  we  found  the  well  preserved  remains  of  these  ancestors 
in  the  mud  and  sand  strata  upon  which  they  flitted  or  dug  in  quest 
of  food. 

Other  illustrations  of  survivals  from  indefinitely  more  remote 
times  I  will  also  give  you,  from  the  Coleopterous  fauna  of  our 
own  country,  though  passing  time  admonishes  me  to  restrict  their 
number. 

To  make  my  remarks  intelligible,  I  must  begin  by  saying  that 
there  are  three  great  divisions  of  Coleoptera,  which  I  will  name  in 
the  order  of  their  complication  of  8tructm*al  plan:  1.  Rhyncho- 
phora;  2.  Heteromera;  3.  Ordinary  or  normal  Coleoptera;  the 
last  two  being  more  nearly  allied  to  each  other  than  either  is  to 
the  first.  I  have  in  other  places  exposed  the  characters  of  these 
divisions,  and  will  not  detain  you  by  repeating  them. 

From  Palffiontological  evidence  derived  (Vom  other  branches  of 
zoology,  we  have  a  right  to  suppose,  if  this  classification  be  cor- 
rect, that  these  great  types  have  been  introduced  upon  the  earth 
in  the  order  in  which  I  have  named  them. 

Now,  it  is  precisely  in  the  first  and  second  series  that  the  noost 
anomalous  instances  of  geographical  distribution  occur ;  that  is  to 
say,  the  same  or  nearly  identical  genera  are  represented  by  species 
in  very  widely  separated  regions,  without  occurring  in  interme- 
diate or  contiguous  regions.  Thus  there  is  a  genus  Bmeax^  found- 
ed by  Mr.  Pascoe,  upon  an  Australian  species,  which,  when  I  saw 
it,  I  recognized  as  belonging  to  NyctoporiSy  a  California  genus, 
established  many  years  before ;  and  in  fact  barely  specifically  dis- 
tinct ft"om  N.  gcUeata.  Two  other  examples  are  Othnitis  and  Eu- 
pleurida^  United  States  genera,  which  are  respectively  equivalent 
to  ElaccUis  and  Jac/wiZia,  found  in  Borneo.  Our  native  genera 
Ewygenius  and  Toposcopus^  are  represented  by  scarcely  different 
forms  in  Australia.  All  these  belong  to  the  second  series  {Heter- 
omera) ^  and  the  number  of  examples  might  be  greatly  increased 
with  less  labor  on  my  part  than  patience  on  yours. 

A  single  example  fVom  the  Rhynchophora,  and  I  will  pass  to 
another  subject. 

1  Origin  of  Species,  1860,  S27. 
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On  the  sea  coast  of  California,  extending  to  Alaska,  is  a  very 
anomalous  insect,  whoso  affinities  are  difficult  to  discern,  called 
Emphyasten  fucicola^  from  its  occurrence  under  the  sea-weed  cast 
up  by  the  waves.  It  is  represented  in  Australia  by  several  spe- 
cies of  a  nearly  allied  genus  Aphela,  found  in  similar  situations. 

In  all  entomological  investigations  relating  to  geographical  dis- 
tribution, we  are  greatly  embarrassed  by  the  multitude  of  species, 
and  by  the  vague  and  opinionative  genera  founded  upon  characters 
of  small  importance.  The  Coleoptcra  alone,  thus  far  described, 
amount  to  over  60,000  so-called  species,  and  there  are  from  80,000 
to  100,000  in  collections.  Under  these  circumstances  it  is  quite 
impossible  for  one  person  to  command  either  the  time  or  the  ma- 
terial to  master  the  whole  subject,  and  from  the  laudable  zeal  of 
collectors  to  make  known  what  they  suppose  to  be  new  objects, 
an  immense  amount  of  synonymy  must  result.  Thus  in  the  great 
Catalogus  Coleopterorum  of  Gemminger  and  HaiX)ld,  a  permanent 
record  of  the  untiring  industry  of  those  two  excellent  entomolo- 
gists, species  of  the  genus  Trechicus  founded  by  me  upon  a  small 
North  American  insect,  are  mentioned  under  five  generic  names, 
only  one  of  which  is  recognized  as  a  synonym  of  another.  These 
generic  headings  appear  in  such  remote  pages  of  the  volume  as 
135,  146  and  289. 

The  two  closely  allied  genera  of  Rhynchophora  mentioned 
above  are  separated  by  no  less  than  168  pages. 

It  is  therefore  plain,  that  before  much  progi*ess  can  be  made  in 
the  line  of  research  which  1  have  proposed  to  you,  whereby  we 
may  recover  important  fragments  of  the  past  history  of  the  earth, 
Entomology  must  be  studied  in  a  somewhat  different  manner  from 
that  now  adopted.  The  necessity  is  every  day  more  apparent  that 
descriptions  of  heterogeneous  material  are  rather  obstructive  than 
beneficial  to  science,  except  in  the  case  of  extraordinary  forms 
likely  to  give  information  concerning  geographical  distribution  or 
classification.  Large  typical  collections  afibrding  abundant  mate- 
rial for  comparison,  for  the  approximation  of  allied  forms,  and  the 
elimination  of  doubtful  ones  must  be  accumulated;  and  in  the 
case  of  such  perishable  objects,  as  those  we  are  now  dealing  with, 
must  be  placed  where  they  can  have  the  protecting  influences  both 
of  climate  and  personal  care. 

At  the  same  time,  for  this  investigation,  the  study  of  insects  is 
peculiarly  suitable ;  not  only  on  account  of  the  small  size,  ease  of 
collecting,  and  little  cost  of  preserving  the  specimens,  but  because 
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from  their  varied  mode  of  life  in  different  stages  of  development, 
and  perhaps  for  other  reasons,  the  species  are  less  likely  to  be 
destroyed  in  the  progress  of  geological  changes.^  Cataclysms  and 
submergences,  which  would  annihilate  the  higher  animals,  would 
only  float  the  temporarily  asphyxiated  insect,  or  the  tree  trunks 
containing  the  larvae  and  pupse  to  other  neighboring  lands.  How- 
ever that  may  be,  I  have  given  you  some  grounds  for  believing, 
that  many  of  the  species  of  insects  now  living  existed  in  the  same 
form  before  the  appearance  of  any  living  genera  of  mammals,  and 
we  may  suppose  that  their  unchange<l  descendants  will  probably 
survive  the  present  mammalian  fauna,  including  our  own  race. 

I  may  add,  moreover,  that  some  groups,  especially  in  the 
Rhynchophora,  which,  as  I  have  said  above,  I  believe  to  be  the 
earliest  introduced  of  the  Coleoptera,  exhibit  with  compact  and 
definite  limits,  and  clearly  defined  specific  characters,  so  many 
generic  modifications,  that  I  am  compelled  to  think  that  we  have 
in  them  an  example  of  the  long  sought  unbroken  series,  extending 
in  this  Instance  from  early  mesozoic  to  the  present  time,  and  of 
which  very  few  forms  have  become  extinct. 

I  have  used  the  word  species  so  often,  that  you  will  doubtless  be 
inclined  to  ask,  what,  then,  is  understood  by  a  species?  Alas!  I 
can  tell  you  no  more  than  has  been  told  recently  by  many  others. 
It  is  an  assemblage  of  individuals,  which  differ  from  each  other  by 
very  small  or  trifling  and  inconstant  characters,  of  much  less  value 
than  those  in  which  they  differ  from  any  other  assemblage  of  in- 
dividuals. Who  determines  the  value  of  these  characters  ?  The 
experienced  student  of  that  department  to  which  the  objects  be- 
long. Species  are,  therefore,  those  groups  of  individuals  repre- 
senting organic  forms  which  are  recognized  as  such  by  those 
who  from  natural  power  and  education  are  best  qualified  to  judge. 

You  perceive,  therefore,  that  we  are  here  dealing  with  an  entirely 
different  kind  of  information  from  that  which  we  gain  from  the 
ph3'sical  sciences ;  everything  there  depends  on  accurate  observa- 
tion, with  strict  logical  consequences  derived  therefrom.  Here 
the  basis  of  our  knowledge  depends  equally  on  accurate  and 
trained  observation,  but  the  logic  is  not  formal  but  perceptive. 


>  For  a  Ailler  discussion  of  these  causes,  and  of  several  other  subjects  which  are 
briefly  mentioned  in  this  address,  the  reader  may  consult  an  excellent  memoir  by  my 
learned  Ariend,  Mr.  Andrew  Murray,  '*  On  the  Geographical  Relations  of  the  Chief  Co- 
leopterous Faimw.'*    (Journal  of  Linnieiiu  Society,  Zoology,  Vol.  xi.) 
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This  has  been  already  thoroughly  recognized  by  Huxley  ^  and 
Helmholtz,^  and  others,  but  we  may  properly  extend  the  inquiry 
into  the  nature  and  powers  of  this  aesthetic  perception  somewhat 
farther.  For  it  is  to  this  fundamental  difference  between  bio- 
logical and  physical  sciences  that  I  will  especially  invite  your 
attention.  • 

Sir  John  Lubbock,^  quoting  from  Oldfield^  mentions  that  certain 
Australians  ^^  were  quite  unable  to  realize  the  most  vivid  artistic 
representations.  On  being  shown  a  picture  of  one  of  themselves, 
one  said  it  was  a  ship,  another  a  kangaroo,  not  one  in  a  dozen 
identifying  the  portrait  as  having  any  connection  with  himself." 

These  human  beings,  therefore,  with  brains  very  similar  to  our 
own,  and  as  is  held  by  some  persons,  potentially  capable  of  similar 
cultivation  with  ourselves,  were  unable  to  recognize  the  outlines 
of  even  such  familiar  objects  as  the  features  of  their  own  race. 
Was  there  any  fault  in  the  drawing  of  the  artist  ?  Probably  not. 
Or  in  the  eye  of  the  savage  ?  Certainly  not,  for  that  is  an  optical 
instrument  of  tolerably  simple  structure,  which  cannot  fail  to  form 
on  the  retina  an  accurate  image  of  the  object  to  which  it  is  di- 
rected. Where  then  is  the  error?  It  is  in  the  want  of  capacity 
of  the  brain  of  the  individual  (or  rather  the  race  in  this  instance) 
to  appreciate  the  resemblance  between  the  outline,  the  relief,  the 
light  and  shade  of  the  object  pictured,  and  the  flat  representation 
in  color:  in  other  words,  a  want  of  ^^ artistic  tact"  or  sBsthetic 
perception. 

A  higher  example  of  a  similar  phenomenon  I  have  myself  seen : 
many  of  you  too  have  witnessed  it,  for  it  is  of  daily  occurrence.  It 
is  when  travellers  in  Italy  having  penetrated  to  the  inmost  chamber 
of  the  Temple  of  Art,  even  the  Hall  of  the  Tribune  at  Florence, 
stand  in  presence  of  the  most  perfect  works  of  Art,  which  it  has 
been  given  to  man  to  produce,  and  gaze  upon  them  with  the  same 

i"A  species  is  the  smallest  group  to  which  distinctive  and  invariable  characters  can 
be  assigned.'*  (Principles  and  Methods  of  Palieontology ,  Smithsonian  Report,  1889, 878). 

s  *'  I  do  not  mean  to  deny  that,  in  many  branches  of  these  sciences,  an  intuitive  per- 
ception of  analogries  and  a  certain  artistic  tact  play  a  conspicuous  part.    In  natural 

history it  is  left  entirely  to  this  tact,  without  a  dearly  definable  rule,  to 

determine  what  characteristics  of  species  are  important  or  unimportant  for  purposes 
of  classification,  and  what  divisions  of  the  animal  or  vegetable  kingdom  are  more  nat- 
ural  than  others."  (Relation  of  the  Physical  Sciences  to  Science  In  (Seneral.  Smiths. 
Report.  1871, 227.) 

"Prehistoric  Times,  p.  440. 

«  On  the  Aborigines  of  Australia.    Trans.  Ethnological  Soc.  New  Series,  Vol.  8. 
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indifiTerenoe  that  they  would  show  to  the  conceptions  of  mediocre 
artists  exhibited  in  onr  shops. 

Perhaps  they  would  even  wonder  what  one  can  find  to  admire 
in  the  unrivalled  collection,  which  is  there  assembled. 

There  is  surely  wanting  in  the  minds  of  such  pei*sons  that  high, 
aesthetic  sense,  which  enables  others  to  enter  into  spiritual  har- 
mony with  the  great  artists  whose  creations  are  before  them. 

Creations  I  said,  and  I  use  the  word  intentionally.  If  there  is 
one  power  of  the  human  soul,  which  more  nearly  than  any  other 
approaches  the  faculty  of  creation,  it  is  that  by  which  the  almost 
inspired  ai*tist  develops  out  of  a  rude  block  of  stone,  or  out  of 
such  mean  materials  as  canvass  and  metallic  pastes  of  various 
colors,  figures  which  surpass  in  beauty,  and  in  power  of  exciting 
emotion  j  the  objects  they  profess  to  represent. 

Yet  these  unaesthetic.  and  nonappreciative  persons  are  just  as 
highly  educated,  and  in  their  respective  positions  as  good  and 
useM  members  of  the  social  organism  as  any  that  may  be  found. 
I  maintain  only,  they  would  never  make  good  students  of  biology. 

In  like  manner,  by  way  of  illustrating  the  foregoing  observa- 
tions, there  are  some,  who  in  looking  at  the  phenomena  of  the 
external  Universe,  may  recognize  only  Chance,  or  the  "fortui- 
tous concourse  of  atoms,"  producing  certain  resultant  motions. 
Others,  having  studied  more  deeply  the  nature  of  things,  will  per- 
ceive the  existence  of  laws,  binding  and  correlating  the  events 
they  observe.  Others  again,  not  superior  to  the  latter  in  intelli- 
gence, nor  in  power  of  investigation,  may  discern  a  deeper  relation 
between  these  phenomena,  and  the  indications  of  an  intellectual  or 
aesthetic  or  moral  plan,  similar  to  that  which  influences  their  own 
actions,  when  directed  to  the  attaining  of  a  particular  result. 

These  last  will  recognize  in  the  operations  of  nature  the  direc- 
tion of  a  Human  Intelligence,  greatly  enlarged,  capable  of  modi- 
fying at  its  will  influences  beyond  our  control ;  or  they  will  appre- 
ciate in  themselves  a  resemblance  to  a  superhuman  intelligence 
which  enables  them  to  be  in  sympathy  with  its  actions. 

Either  may  be  true  in  individual  instances  of  this  class  of 
minds ;  one  or  other  must  be  true ;  I  care  not  which,  for  to  me  the 
propositions  are  in  this  argument  identical,  though  in  speculative 
discussions,  they  may  be  regarded  as  at  almost  the  opposite  poles 
of  religious  belief.  All  that  I  plead  for  is,  that  those  who  have 
not  this  perceptive  power,  and  who  in  the  present  condition  of 
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scientific  discnssion  are  numerically  influential,  will  have  tolerance 
for  those  who  possess  it ;  and  that  the  ideas  of  the  latter  may 
not  be  entirely  relegated  to  the  domain  of  superstition  and  en- 
thusiasm. 

In  the  case  of  the  want  of  perception  of  the  Australian,  a  very 
simple  test  can  be  applied.'  It  is  only  to  photograph  the  object 
represented  by  the  artist,  and  compare  the  outlines  and  shades  of 
the  photograph,  with  those  of  the  picture.  If  they  accord  within 
reasonable  limits  the  picture  is  correct  to  that  extent ;  at  least, 
however  bad  the  artist,  the  human  face  could  never  be  confounded 
with  a  ship,  or  a  kangaroo. 

Can  we  apply  a  similar  test  to  the  works  of  nature  ?  I  think 
we  can.  Suppose  that  man, — I  purposely  use  the  singular  noun  to 
indicate  that  all  human  beings  of  similar  intelligence  and  educa- 
tion working  towards  a  definite  end,  will  work  in  a  somewhat  sim- 
ilar manner, — suppose,  then  I  saj',  that  man,  endeavoring  to  carry 
out  some  object  of  importance,  devises  a  method  of  so  doing,  and 
creates  for  that  purpose  a  series  of  small  objects,  and  we  find  that 
these  small  objects  naturally  divide  and  distribute  themselves  in 
age  and  locality,  in  a  similar  manner  to  that  in  which  the  species 
of  a  group  of  organisms  are  divided  in  space,  and  distributed  in 
time;  and  that  the  results  of  man's  labor  are  thus  divided  and 
distributed  on  account  of  the  necessary  inherent  qualities  of  his 
intelligence  and  methods  of  action,  Iq  not  the  resemblance  between 
human  reason  and  the  greater  powers  which  control  the  manifes- 
tations of  organic  nature  apparent? 

I  now  simply  present  to  you  this  investigation.  Time  is  want- 
ing for  me  to  illustrate  it  by  even  a  single  example,  but  I  feel  sure 
that  I  have  in  the  minds  of  some  of  you  already  suggested  several 
applications  of  it  to  the  principle  I  wish  to  teach : — the  resem- 
blance in  the  distribution  of  the  works  of  nature  to  that  of  human 
contrivances  evolved  for  definite  purposes. 

If  this  kind  of  reasoning  commends  itself  to  you,  and  you  thus 
perceive  resemblances  in  the  actions  of  the  Ruler  of  the  Universe 
to  those  of  our  own  race,  when  prompted  by  the  best  and  highest 
intellectual  motives,  you  will  be  willing  to  accept  the  declaration 
of  the  ancient  text,  ^^  He  doeth  not  evil,  and  abideth  not  with 
the  evil  inclined.    Whatever  he  hath  done  is  good;"^  or  that 

>  DesaUr,  p.  9. 
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from  onr  own  canon  of  Scripture:     ^'With  him  is  wisdom  and 
strength,  he  hath  counsel  and  understanding."  ^ 

The  aesthetic  character  of  Natural  History,  therefore,  prevents 
the  results  of  its  cultivation  from  being  worked  out  with  the  pre- 
cision of  a  logical  machine,  such  as  with  correct  data  of  obser>'a- 
tion  and  calculation  would  be  quite  sufficient  to  formulate  the 
conclusions  of  physical  investigation.  According  as  the  percep- 
tion of  the  i*elations  of  organic  beings  among  themselves  becomes 
more  and  more  enlarged,  the  interpretation  of  these  relations  will 
vary  within  limits;  but  we  will  be  continually  approximating 
higher  mental^or  spiritual  truth. 

This  kind  of  tnith  can  never  be  revealed  to  us  by  the  study  of 
inorganic  aggregations  of  the  universe.  The  molar,  molecular 
and  polar  forces,  by  which  they  are  formed,  may  be  expressed,  so 
far  as  science  has  reduced  them  to  order,  by  a  small  number  of 
simply  formulated  laws,  indicative  neither  of  purpose  nor  intelli- 
gence, ^hen  confined  within  inorganic  limits.  In  fact,  taking  also 
the  organic  world  into  consideration,  we  as  yet  see  no  reason  why 
the  number  of  chemical  elements  known  to  us  should  be  as  large 
as  it  is,  and  go  on  increasing  almost  yearly  with  more  minute  in- 
vestigations. To  all  appearance,  the  mechanical  and  vital  struc- 
ture of  tlie  universe  would  remain  unchanged,  if  half  of  them 
were  struck  out  of  existence. 

Neither  is  there  any  evidence  of  intelligence  or  design  in  the 
fact  that  the  side  of  the  moon  visible  to  us  exhibits  only  a  mass 
of  volcanoes. 

Yet  upon  the  earth,  without  the  volcano  and  the  earthquake, 
and  the  elevating  forces  of  which  they  are  the  feeble  indications, 
there  would  be  no  permanent  separation  of  land  and  water ;  con- 
sequently no  progress  in  animal  and  vegetable  life  beyond  what  is 
possible  in  the  ocean.  To  us,  then,  as  sentient  beings,  the  vol- 
cano and  the  earthquake,  viewed  from  a  biological  standpoint, 
have  a  profound  significance. 

It  is  indeed  difficult  to  see  in  what  manner  the  student  of  purely 
physical  science  is  brought  to  a  knowledge  of  any  evidences  of 
intelligence  in  the  arrangement  of  the  Universe.  The  poet,  in- 
spired by  meditating  on  the  immeasurable  abyss  of  space,  and  the 
transcendent  glories  of  the  celestial  orbs  has  declared, 
<*  The  nndevoat  astronomer  is  mad,*' 

>Job,zU,18. 
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and  his  saying  had  a  certain  amount  of  speciousuess,  on  account 
of  the  magnitude  of  the  bodies  and  distances  with  which  the  stu- 
dent of  the  stars  is  concerned.  This  favorite  line  is,  however, 
only  an  example  of  what  an  excellent  writer  has  termed  ^^  the  un- 
conscious action  of  volition  upon  credence,'*  and  it  is  properly  in 
the  correlations  of  the  inorganic  with  the  organic  world,  that  we 
may  hope  to  exhibit,  with  clearness,  the  adaptations  of  plan  pre- 
figured and  design  executed. 

In  the  methods  and  results  of  investigation,  the  mathematician 
differs  iVom  both  the  physicist  and  the  biologist.  Unconfined  like 
the  former,  by  the  few  simple  relations  by  which  movements  in  the 
inorganic  world  are  controlled,  he  may  not  only  vaiy  the  form  of 
his  analysis,  almost  at  pleasure,  making  it  more  or  less  ti*anscen- 
dental  in  many  directions,  but  he  may  introduce  factors  or  rela- 
tions, apparently  inconceivable  in  real  existences,  and  then  inter- 
pret them  into  results  quite  as  real  as  those  of  the  legitimate- 
calculus  with  which  he  is  working,  but  lying  outside  of  its  domain. 

If  biology  can  ever  be  developed  in  such  manner  that  its  results 
may  be  expressed  in  mathematical  formulae,  it  will  be  the  pleasing 
task  of  the  Aiture  analyst,  to  ascertain  the  nature  of  the  incon- 
ceivable (or  imaginary  as  they  are  termed  in  mathematics)  quan- 
tities which  must  be  introduced  when  changes  of  form  or  structure 
take  place.  Such  will  be  analytical  morphology,  in  its  proper 
sense ;  but  it  is  a  science  of  the  future,  and  will,  require  for  its 
calculus  a  very  complex  algebra. 

In  the  observation  of  the  habits  of  inferior  animals,  we  recog- 
nize many  complications  of  action,  which  though  directed  to  the 
accomplishment  of  definite  purposes,  we  do  not  entirely  compre- 
hend. They  are,  in  many  instances,  not  the  result  of  either  the 
experience  of  the  individual,  or  the  education  of  its  parents,  who 
in  low  forms  of  animals  frequently  die  before  the  hatching  of  the 
offspring.  These  actions  have  been  grouped  together,  whether 
simple  or  complex,  as  directed  by  what  we  are  pleased  to  call  in- 
stinct, as  opposed  to  reason.  Yet  there  is  every  gradation  be- 
tween the  two. 

Among  the  various  races  of  dogs,  the  companions  of  man  for 
unnumbered  centuries,  we  observe  not  only  reasoning  powers  of  a 
rather  high  order,  but  also  distinct  traces  of  moral  sentiments, 
similar  to  those  possessed  by  our  own  race.  I  will  give  no  exam- 
ples, for  many  may  be  found  in  books  with  which  you  are  familiar. 
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Actions  evincing  the  same  mental  attribntes  are  also  noticed  in 
wild  animals,  which  have  been  tamed.  Yon  will  reply,  that  these 
qualities  have  been  developed  by  human  education ;  but  not  so, 
there  must  have  been  a  latent  capacity  in  the  brain  to  receive  the 
education,  and  to  manifest  the  results  by  the  modification  of  the 
habits.  Now  it  is  because  we  are  vertebrates,  and  the  animals  of 
which  I  have  spoken  are  vertebrates,  that  we  understand,  though 
imperfectly,  their  mental  processes,  and  can  develop  the  powers 
that  are  otherwise  latent.  Could  we  comprehend  them  more  tally 
we  would  find,  and  we  do  find  from  time  to  time  in  the  progress  of 
our  luquiries,  that  what  was  classed  with  instinct  is  really  intel- 
lection. 

When  we  attempt  to  observe  animals  belonging  to  another  sub** 
kingdom,  Articulata,  for  instance,  such  as  bees,  ants,  termites, 
etc.,  which  are  built  upon  a  totally  different  plan  of  structure, 
having  no  organ  in  common  with  ourselves,  the  difficulty  of  inter- 
preting their  intellectual  processes,  if  they  perform  any,  is  still 
greater.  The  purposes  of  their  actions  we  can  only  divine  by 
their  results.  But  anything  more  exact  than  theu*  knowledge  of 
the  objects  within  their  scope,  more  ingenious  than  their  methods 
for  usiug  those  objects,  more  complex,  yet  well  devised  than  their 
social  and  political  systems,  it  is  impossible  to  conceive. 

We  are  not  warranted  in  assuming  that  these  actions  are  in- 
stinctive, which  if  performed  by  a  vertebrate  we  would  call  rational. 
Instead  of  concealing  our  ignorance  under  a  word  which  thus  used, 
comes  to  mean  nothing,  let  us  rather  admit  the  existence  here 
of  a  rational  power,  not  only  inferior  to  ours,  but  also  different. 

Thus  proceeding,  from  the  highest  forms  in  each  type  of  animal 
life  to  the  lower,  and  even  down  to  the  lowest,  we  may  be  pre- 
pared to  advance  the  thesis,  that  all  animals  are  intelligent,  in 
proportion  to  the  ability  of  their  organization  to  manifest  intelli- 
gence to  us,  or  to  each  other ;  that  wherever  there  is  voluntary 
motion,  there  is  intelligence : —  obscure  it  may  be,  not  compre- 
hended by  us,  but  comprehended  by  the  companions  of  the  same 
low  grade  of  structure. 

However  this  may  be,  I  do  not  intend  to  discuss  the  subject  at 
present,  but  only  wish  in  connection  with  this  train  of  thought  to 
offer  two  suggestions. 

The  first  is,  that  by  pursuing  different  courses  of  investigation 
in  biology,  we  may  be  led  to  opposite  results.    (Commencing  with 
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the  Bimplest  forms  of  animal  life,  or  with  the  embryo  of  the  higher 
animals,  it  may  be  very  difficult  to  say  at  what  point  intelligence 
begins  to  manifest  itself;  our  attention  is  concentrated,  therefore, 
npon  those  functions  which  appear  to  be  the  result  of  purely  me- 
chanical arrangements,  acted  upon  by  external  stimuli.  The 
animal  becomes  to  our  perception  an  automaton,  and  in  fact,  by 
excising  some  of  the  nervous  organs  last  developeil  in  its  growth, 
we  can  render  an  adult  animal  an  automaton,  capable  of  perform* 
ing  only  those  habitual  actions  to  which  its  brain,  when  in  perfect 
condition,  had  educated  the  muscles  of  voluntary  motion.  On  the 
other  hand,  commencing  with  the  highest  group  in  each  type,  and 
going  downwards,  either  In  structural  complication,  or  in  age  of 
individual,  it  is  impossible  to  fix  the  limit  at  which  intelligence 
ceases  to  be  apparent. 

I  have  in  this  subject,  as  in  that  of  tracing  the  past  history  of 
our  insects,  in  the  first  part  of  this  address,  preferred  the  latter 
mode  of  investigation ;  taking  those  things  which  are  nearest  to  us 
in  time  or  structure,  as  a  basis  for  the  study  of  those  more  remote. 

The  second  consideration  is,  since  it  is  so  difficult  for  us  to  un- 
derstand the  mental  processes,  whether  rational  or  instinctive  (I 
care  not  by  what  name  they  are  called),  of  beings  more  or  less 
similar,  but  inferior  to  ourselves ;  we  .should  exercise  great  caution 
when  we  have  occasion  to  speak  of  the  designs  of  One  who  is  in- 
finitely greater.  Let  us  give  no  place  to  the  crude  speculations  of 
would-be-teleologists,  who  are  indeed,  in  great  part  refbted  already 
by  the  progress  of  science,  which  continually  exhibits  to  us  higher 
and  more  beantlAil  relations  between  the  phenomenon  of  Nature 
'^  than  it  hath  entered  into  the  mind  of  man  to  conceive."  Let  not 
our  vanity  lead  us  to  believe  that  because  God  has  deigned  to 
guide  our  steps  a  few  paces  on  the  road  of  truth,  we  are  justified 
in  speaking  as  if  He  had  taken  us  into  intimate  companionship, 
and  informed  us  of  all  His  counsels. 

If  I  have  exposed  my  views  on  these  subjects  to  you  in  an 
acceptable  manner,  you  will  perceive  that  in  minds  capable  of 
receiving  such  impressions,  biology  can  indicate  the  existence  of 
a  creative  or  directive  power,  possessing  attributes,  some  of 
which  resemble  our  own,  and  controlling  operations  which  we  may 
feebly  comprehend.    Thus  far  Natural  Theology,  and  no  farther. 

What  then  is  the  strict  relation  of  Natural  History  or  biology 
to  that  great  mass  of  learning  and  influence  which  is  commonly 
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called  Theology ;  and  to  that  smaller  mass  of  belief  and  action 
which  is  called  Religion? 

Some  express  the  relation  very  briefly,  by  saying  that  Science 
and  Religion  are  opposed  to  each  other.  Others  again  that  they 
have  nothing  in  common.  These  expressions  are  tme  of  certain 
classes  of  minds ;  but  the  greater  number  of  thinking  and  edu- 
cated persons  see,  that  though  the  ultimate  truths  taught  by  each 
are  of  quite  distinct  nature,  and  can  by  no  means  come  in  conflict, 
inasmuch  as  they  have  no  point  in  common ;  yet  so  far  as  these 
truths  are  embodied  in  human  language,  and  manipulated  by 
human  interests,  they  have  a  common  dominion  over  the  soul  of 
man.  According*  to  the  method  of  their  government,  they  may 
then  come  into  collision  even  as  the  temporal  and  spiritual  sover- 
eigns of  Japan  occasionally  did,  before  the  recent  changes  in  that 
country. 

In  answering  the  queiy  above  proposed,  it  will  be  necessary  to 
separate  the  essential  truths  of  religion  from  the  accessories  of 
tradition,  usage,  and  most  of  all,  organizations  and  interpreta- 
tions, which  have  in  the  lapse  of  time  gathered  around  the  primi- 
tive or  revealed  truth. 

With  the  latter,  the  scientific  man  must  deal  exactly  like  other 
men,  he  must  take  it,  or  reject  it,  according  to  his  spiritual  gifts ; 
but  he  must  not,  whatever  be  his  personal  views,  discuss  it  or 
assail  it  cls  a  man  of  science^  for  within  his  domain  of  investiga- 
tion it  does  not  belong. 

With  regard  to  the  accessories  of  traditions,  interpretations, 
etc.,  our  answer  may  be  clearer,  when  we  have  briefly  Reviewed 
some  recent  events  in  what  has  been  written  about  as  the  Conflict 
of  Religion  and  Science.  Some  centuries  ago,  great  theological 
disgust  was  produced  by  the  announcement  that  the  sun  and  not 
the  earth  was  the  centre  of  the  planetary  system.  A  few  decades 
ago  profound  dissatisfaction  was  shown  that  the  evidence  of  or- 
ganic life  on  the  planet  was  very  ancient.  Recently  some  annoy- 
ance has  been  exhibited  because  human  remains  have  been  found 
in  situations  where  they  ought  not  to  have  been,  according  to 
popularly  received  interpretations;  and  yet  more  recently  much 
apprehension  has  been  felt  at  the  possible  derivation  of  man  ftom 
some  inferior  organism ;  an  hypothesis  framed  simply  because  in 
the  present  condition  of  intellectual  advancement,  no  other  can 
be  suggested. 
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Yet  all  these  facts,  but  the  last,  which  still  is  an  opinion,  have 
been  accepted,  after  more  or  less  bitter  controversy  on  both  sides, 
and  the  fountain  of  spiritual  truth  remains  unclouded  and  undi* 
minished.  New  interpretations  for  the  sacred  texts,  supposed  to- 
be  in  conflict  with  the  scientific  facts,  have  been  aought  and  found 
without  difficulty.  These  much  feared  facts  have,  moreover,  given 
some  of  the  strongest  and  most  convincing  illustrations  to  modem 
exhortation  and  religious  instruction. 

Thus,  then,  we  see  that  the  influence  of  Science  uj>on  Religion, 
has  been  beneficial.  ^Scholastic  interpretations  founded  upon  im- 
perfect knowledge,  or  no  knowledge,  but  mere  guess,  have  been 
replaced  by  9ound  criticism  of  the  texts,  and  their  exegesis  in 
accordance  with  the  times  and  circumstances  for  which  they  were 
written. 

It  must  be  conceded  by  fair  minded  men  of  both  sides  that  these 
controversi68  were  carried  on  at  times  with  a  rudeness  of  expres- 
sion and  bitterness  of  feeling  now  abhorrent  to  our  usages.  The 
intellectual  wars  of  those  days  partook  of  the  brutality  of  physical 
war,  and  the  horrors  of  the  latter,  as  you  know,  have  been  ameli- 
orated only  within  very  few  years. 

I  fear  that  the  unhappy  spirit  of  contention  still  survives,  and 
that  there  are  yet  a  few  who  fight  for  victory  rather  than  for  truth.         n 
The  deceptive  spirit  of  Voltaire  still  buds  forth  occasionally ;  he, 
who,  as  yon  remember,  disputed  the  organic  nature  of  fossil  shellSf       i    j 
because  in  those  days  of  schoolmen,  their  occurrence  on  mountains       (    i 
would  be  used  by  others  as  a  proof  of  a  universal  Noachian  deluge.       i    j 
The  power  of  such  spirits  is  fortunately  gone  for  any  potent  influ- 
ence for  evil,  gone  with  the  equally  obstructive  influence  of  the 
scholastics  with  whom  they,  formerly  contended. 

Since  then,  there  is  no  occasion  for  strict  Science  and  pure  Re- 
ligion to  bo  in  conflict,  how  shall  the  peace  be  kept  between  them? 

By  Toleration  and  Patience.  Toleration  towards  those  who 
believe  less  than  we  do,  in  the  hope  that  they,  by  cultivation  or 
inheritance  of  Aesthetic  perception,  will  be  prepared  to  accept 
something  more  than  Matter  and  Energy  in  the  Universe,  and  to 
believe  that  Vitality  is  not  altogether  undirected  Colloid  Chem- 
istry. 

Toleration  also  towards  those  who,  on  what  we  think  misunder- 
stood or  insuflScient  evidence,  demand  more  than  we  are  prepared 
to  admit,  in  the  hope  that  they  will  revise  additional  texts  which 
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fishes  that  inhabit  its  native  element,  but  many  a  bright-plumed 
water-fowl  and  unsnspecting  quadruped  falls  a  prey  to  its  rapacity. 
Animals  drinking  at  the  stream's  margin  or  swimming  across  are 
SQUEed  in  the  huge  reptile's  powerful  jaws,  dragged  under  water, 
drowned  and  devoured.  The  crocodile  evinces  a  decided  prefer- 
ence for  tainted  meat,  and  after  capturing  large  prey  it  is  often 
kept  uneaten  in  the  water  until  in  a  state  of  partial  decomposition. 
The  males  are  very  pugnacious  and  often  fight  desperately  for 

Fig.  sti. 


Head  of  Florida  Crocodile. 

possession  of  the  females.  Sometimes  an  individual  is  captured 
whose  tail  is  entirely  gone,  often  the  end  is  missing,  sometimes  a 
leg  is  wholly  or  partly  wanting.  Last  winter  we  killed  an  alli- 
gator whose  upper  Jaw  was  broken  off  squarely  half  way  up  to  the 
eyes  by  some  long  previous  accident. 

The  female  crocodile  lays  from  twenty  to  thirty  eggs  at  a  time. 
With  her  feet  and  nose  she  scoops  a  hole  in  the  mud  or  sand  on 
the  shore,  taking  care  to  select  a  slightly  elevated  situation,  and  in 
this  deposits  her  eggs  in  several  layers,  one  upon  another,  placing 
a  coat  of  earth,  reeds  and  grass  over  each  layer.  The  heat  gener- 
ated by  the  fermentation  of  this  mass  is  sufiScieut  to  hatch  the 
eggs  in  about  thirty  days. 

While  the  crocodiles  are  distributed  throughout  all  the  southern 
hemisphere,  in  fact  in  all  tropical  regions,  their  cousins,  the  alli- 
gators, are  confined  to  America ;  one  species,  the  A.  Misaisaip- 
pemis  Gray,  being  especially  abundant  in  the  southern  United 
States.  It  was  formerly  thought  that  the  crocodile  did  not  inhabit 
Australia,  but  it  is  now  known  to  be  there  in  respectable  numbers, 
some  specimens  of  great  size  having  been  captured.  No  one  spe- 
cies of  the  Crocodilidce  is  universally  distributed,  but  the  genus 
Crocodiltis  is  widely  known  and  has  a  greater  range  than  any  of  its 
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congeners.  The  species  are  often  confined  to  certain  localities, 
and  in  a  few  their  limits  are  very  circumscribed. 

The  two  American  species  of  Crocodilus^  viz.,  rhombifer  and 
aciUu^j  were  first  described  by  Cuvier  as  confined  to  the  West 
Indies  and  South  America,  which  view  was  accepted  by  natural- 
ists for  a  long  time.  Subsequently  the  C.  (icutua  has  been  discov- 
ered in  difTereut  parts  of  Central  America,  and  in  1870  Professor 
Jeffries  Wyman  described  a  skull  from  Florida  as  belonging  to 
that  species.  Reports  are  current  in  Florida  of  a  true  crocodile 
existing  there,  but  specimens  have  not  been  secured  until  veiy 
recently.  The  present  year  has  thrown  more  light  upon  the  sub- 
ject by  the  capture  of  two  fine  specimens. 

My  personal  observations  on  the  subject  were  confined  to  the 
southeast  coast  of  Florida,  particularly  the  vicinity  of  Biscayne 
Bay.  While  there  last  winter  collecting  for  the  Museum  of  Prof. 
Ward,  of  Rochester,  New  York,  I  obtained  sight  of  a  reptile  that 
I  at  first  supposed  to  be  a  large  alligator,  but  which  a  nearer  view 
convinced  me  was  a  crocodile.  After  two  unsuccessful  attempts 
I  succeeded  in  killing  him  by  lying  in  wait  for  him  with  my  rifle, 
opposite  his  favorite  mud-wallow  on  the  bank  of  the  stream.  It 
proved  to  be  a  male, — huge,  old  and  ugly.  His  tenacity  of  life 
was  surprising,  and  his  frantic  struggles  in  and  out  of  water  made 
the  fight  interesting  for  some  time.  He  lived  for  quite  an  hour 
after  six  rifle-balls  had  been  fired  into  his  nape  in  the  direction  of 
the  brain.  He  measured  fourteen  feet  in  length,  and  his  girth  at 
a  point  midway  between  fore  and  hind  legs  was  five  feet  two 
inches.  His  teeth  were  large  and  blunt;  his  head  rugose  and 
knotty,  with  armor  plates  very  large  and  rough,  all  conspiring  to 
give  him  a  very  ugly  and  savage  appearance.  On  dissection  it 
was  found  that  he  had  been  very  pugnacious,  or  else  was  a  perse- 
cuted and  unfortunate  individual.  Three  of  his  teeth  were  more 
or  less  shattered ;  the  tibia  and  fibula  of  the  right  hind  leg  had 
been  broken  in  the  middle  and  united,  also  one  of  the  metatarsal 
bones  of  the  same  limb ;  about  five  inches  had  been  bitten  off  the 
end  of  his  tall  leaving  it  quite  blunt,  and  for  some  reason,  prob- 
ably an  old  wound,  two  of  the  vertebrsB  near  the  middle  of  the 
tail  had  grown  together  solidly  at  an  awkward  angle. 

The  day  following  the  above  capture  (January  22,  1875)  I  had 
the  fhrther  good  fortune  to  kill  at  the  same  spot  the  mate  of  this 
crocodile,,  a  beautiful  femalcy  measuring  ten  feet  eight  inches. 
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There  was  a  striking  contrast  between  the  two  specimens !  The 
head  of  the  female  was  regular  in  outline,  comparatively  smooth, 
teeth  white,  regular  and  sharp,  plates  even  in  surface  and  contour, 
and  colors  very  marked.  The  entire  under  surface  of  both  speci- 
mens was  pale  yellow,  shading  gradually  darker  up  the  sides  with 
fine  in-egular  streaks  and  spots  of  black.  On  the  upper  parts  of 
the  female  through  the  entire  length  the  black  and  yellow  mottling 
was  about  uniform,  the  yellow  rather  predominating.  The  general 
appearance  of  the  female  was  decidedly  3'ellowish,  while  the  back 
and  tail  of  the  male  showed  an  almost  entire  absence  of  yellow, 
the  prevailing  color  being  a  leaden,  lustreless  black.  In  brightness 
of  color,  smoothness  of  armor,  and  litheness  of  contour  the  fe* 
male  greatly  outranked  her  rough  and  burly  lord.  The  stomachs 
of  both  specimens  were  quite  empty,  but  in  the  aesophagus  of  the 
male  were  the  torn  remains  of  two  mud-hens  in  a  state  of  disgust*- 
ing  decomposition.  The  ovary  of  the  female  contained  four  hun- 
dred and  twenty  eggs,  varying  firom  the  size  of  No.  8  shot  to  a 
hen's  egg,  all  perfectly  spherical. 

The  exact  locality  of  the  captures  was  a  narrow,  very  deep  and 
crooked  stream  known  as  Arch  Creek,  flowing  from  the  Everglades 
into  the  head  of  Biscayne  Bay.  While  at  Biscayne  I  collected 
abundant  evidence  that  crocodiles;  though  rare,  exist  in  various 
tributaries  of  the  Bay.  On  the  bank  of  Arch  Creek,  I  found  the 
skull,  fifteen  inches  long,  minus  the  lower  jaw,  of  a  crocodile  be- 
longing to  the  same  species  as  the  large  specimens.  No  one  could  , 
give  me  any  information  concerning  it. 

I  succeeded  in  getting  the  perfect  skull  of  a  small  specimen 
killed  a  few  weeks  before  in  Indian  Creek,  on  the  east  side  of  the 
bay,  quite  near  tde  seashore.  Its  length  from  occiput  was  seven 
and  one-half  inches.  I  was  shown  a  small  stuffed  specimen  four- 
teen and  one-half  inches  in  length,  captured  September  26,  1874, 
at  the  mouth  of  Miami  River,  ten  miles  farther  down  the  ba3\  All 
the  above  specimens  were  taken  in  water  that  is  brackish  about 
half  the  time,  being  influenced  by  the  tide.  Prof.  Ward  has  re- 
cently received  a  crocodile  (skin  and  skeleton)  from  Lake  Worth, 
Florida,  ninety  miles  north  of  Biscayne  Bay,  which  is  of  the  same 
species  as  the  foregoing.    The  skin  measures  nine  feet  ten  inches. 

In  determining  the  species  of  these  specimens  I  follow  the  late 
Dr.  J.  £.  Gray,  of  the  British  Museum,  as  the  best  recent  authority, 
his  synopsis  of  recent  crocodilians  being  the  latest,  most  minute 
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and  comprehensive.  See  Trans.  Zool.  Soc.,  1867,  vi,  p.  125,  et 
seq.  Having  been  unable  to  examine  the  skall  considered  by 
Prof,  Wyraan  it  is  impossible  to  give  the  differences  between  it 
and  those  in  hand,  but  these  latter  certainly  do  not  answer  to  any 
description  of  C.  acutua^  which  at  first  I  supposed  them  to  be.  ~ 

The  following  is  Dr.  Gray's  description  of  O.  acutus^  and  of  the 
genus  which  he  calls 

"MoLiNiA. — Face  elongate  ;  forehead  swollen,  convex,  especially 
in  the  adult;  orbits  without  any  anterior  ridge.  Nuchal  plates 
two  or  four,  small.  Cervical  disc  rhombic,  of  six  plates,  side 
plates  generally  small.  The  legs  fringed  with  a  series  of  trian- 
gular, elongate  scales.  Toes  webbed.  Scales  of  the  forearm  and 
thigh  thin,  smooth." 

*' Muzzle  oblong,  elongate,  slender,  with  a  swollen  convexity  on 
the  middle  of  the  face  before  the  eyes.  Nostril  not  separated  by 
a  long  ridge  ;  the  internal  nostril  posterior  with  an  oblong  sloping 
o|)ening ;  intermaxillary  suture  produced  behind  between  the  ends 
of  the  maxillsB." 

"M.  AMERICANA. — Facc  slcndcr,  dorsal  plates  irregular;  the 
central  series  small,  keeled ;  lateral  scattered,  strongly  keeled. 
Nasal  bones  produced  to  the  nostrils." 

It  is  necessary  to  give  the  characteristics  of  the  genus  since  a 
very  few  points  are  sufficient  to  distinguish  the  species  of  Molinia 
of  which  there  are  only  two.  I  shall  now  describe  specimens  of 
which  there  is  a  series  of  six,  varying  from  fourteen  and  one-half 

Fig.  313. 


Skull  of  Florida  Crocodile.    Side  view. 

inches  to  fourteen  feet  in  length.    The  description  refers  to  the 
adult  specimens,  of  which  we  have  three. 

Face  elongate;  forehead  concave  or  flat;  orbits  without  any 
anterior  ridge.  Nuchal  plates  four,  small ;  three  small  keeled 
scales  on  each  side  of  the  neck  between  nuchal  and  cervical  plates, 
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forming  a  row  parallel  to  the  row  of  nuchals,  cervical  disc  rhom- 
bic, of  six  plates;  legs  fVinged  with  a  series  of  elongate  scales. 
Toes  of  fore  feet  entirely  free,  the  thlid  and  lourth  hind  toes  partly 
united,  and  a  very  sliglit  membrane  between  second  and  till  id. 
Scales  of  the  forearm  and  thigh  thick,  and  many  convex  or  keeled. 
Dorsal  plates  in  four  longitudinal  series ;  the  vertebral  series  reg- 
ular, large,  average  one-third  broader  than  long,  keeled ;  lateral 
series  scattered,  irregular  hexagons,  strongly  keeled. 

Muzzle  elongate,  broad  in  large  specimens,  with  a  high,  swollen 
and  prominent  convexity  on  the  middle  of  the  face  before  the 

«,     »,•  FlK.  214..  FfK.21fl. 

Fljf.  21JJ. 


Skull  ni  Florida  Crocodile.    Un- 
der SQilkce,   showing   outline        Upper  burftioe  of  bkull.    1,  Fluridu  Crocodile; 
of  upper  Jaw.  8,  Alligator. 

eyes.  Nasal  bones  produced  dividing  the  edges  of  the  nostril ; 
the  intermaxillary  suture  produced  behind  between  the  ends  of  the 
maxillsB,  the  maxillai-y  and  intermaxillary  bones  pitted  and  tuber- 
culated. 

These  specimens  resemble  the  C.  acutua  and  C.  rlwmhifer  Cuv. 
{Molinia  Americana  and  Palinia  rhombifera  of  Gray)  in  about  an 
equal  number  of  particulars,  the  main  point  of  difference  from  the 
latter  named  species  being  the  four  rows  of  dorsal  plates,  of  which 
the  rhambifer  has  six.  In  fact  these  specimens  seem  to  stand  be- 
tween the  two  species  just  mentioned,  being  equally  related  to 
each.     The  characters  I  have  enumerated  above  seem  distinctive. 
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and  to  indicate  a  new  species  for  which  I  would  propose  the  name 
Crocodilus  Floridanus,  or  Florida  Crocodile. 

We  present,  for  general  illastration,  a  cut  of  the  skull  of  an 
Alligator  Misdssippensis  (Fig.  215)  compared  with  the  skull -of  a 
crocodile  (Fig.  214).  Both  are  from  the  same  locality,  Biscayne, 
Florida.  The  length  of  the  alligator  to  which  this  skull  belonged 
was  nine  feet  ten  inches,  and  that  of  the  crocodile  was  ten  feet 
eight  inches,  the  figure  being  taken  from  the  skull  of  the  female 
here  described. 

I  append  the  following  measurements,  in  inches,  of  the  three 
largest  crocodile  skulls.  The  first  is  that  of  the  male  14  feet  in 
length ;  the  second  that  of  the  female  10  feet  8  inches  in  length ; 
and  the  third,  that  of  the  Lake  Worth  specimen,  9  feet  10  inches 
in  length. 


Extroine  longth  of  head, 

Length  of  skull  trota  occipntf    .    .    . 

Greatest  width  behind, 

Width  of  forehead  before,     .... 

"     ••         *•         behind,      .    .    .    . 
Breadth  at  notch, 

**         •'  loth  tooth,  following  GUI  ye, 

**        "  Uth      **           **             ** 
Number  of  teeth  above        

»♦         '•     '»      below 
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Geographical  Variation  in  Color  among  Squirrels. — We 
have  previously,  in  papers  by  Messrs.  R.  Ridgway  and  J.  A.  Allen, 
presented  our  readers  with  the  latest  views  on  the  subject  of  the 
geographical  variation  in  size,  proportions  and  color  among  North 
American  birds,  and  now  reproduce  in  part  a  recent  paper  by  Mr. 
J.  A.  Allen  on  the  same  subject,  particularly  variations  in  color 
as  applied  to  the  squirrels  of  America  north  of  Mexico,  published 
in  the  *' Proceedings  of  the  Boston  Society  of  Natural  History" 
(vol.  xvi,  Feb.  4,  1874).  This  is  a  subject  to  which  local  col- 
lectors can  very  largely  contribute  by  the  transmission  of  marked 
vaiieties  or  specimens  possessing  any  pecnliaiities  in  size,  pro- 
portions or  color  to  the  Museum  of  Comparative  Zoology  at  Cam- 
bridge or  to  the  Smithsonian  Institution,  where  they  can  be  stud- 
ied to  the  best  advantage,  as  large  numbers  of  the  commonest 
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species  are  indispensable  in  studying  the  variation  of  animals. 
Regarding  color  variations  we  quote  the  following  remarks : 

^'  First,  in  respect  to  the  increase  in  intensity  of  color  from  the 
north  southward.  Among  the  squirrels  this  increase  is  finely  illus- 
trated in  Sciurus  Hudaonius  and  in  Tamias  striatus^  representatives 
of  which  from  the  southern  parts  of  New  York  and  Pennsylvania 
are  much  more  highly  colored  than  are  those  from  northern  New 
England  and  the  British  Provinces.  Sciurus  Carolmensis  is  per- 
haps a  still  more  marked  example,  in  which  the  color  varies  from 
the  light  pure  gray  of  the  upper  parts  in  New  England  specimens, 
with  a  restricted  pale  yellowish  brown  dorsal  area,  to  the  rusty 
gray  dorsal  surface  of  the  Florida  type,  in  which  the  whole  upper 
surface  is  usually  strongly  yellowish-rusty.  This  increase  of  color 
southward  is,  however,  still  more  strongly  marked  in  the  fox  squir- 
rels of  the  Mississippi  Basin,  the  so-called  Sciurus  ^Hudovicianua" 
««««««« 

"The  variations  in  color  occurring  in  representatives  of  the 
same  species  at  localities  differing  in  longitude,  is  well  shown  in 
quite  a  number  of  groups.  But  few  specific  forms,  however,  have 
a  sufficiently  wide  range  to  illustrate  the  variations  that  obtain 
along  a  given  parallel  throughout  the  whole  breadth  of  the  conti- 
nent, the  Sciurus  Hudsonius  group  being  the  only  instance  among 
the  squirrels.  Others,  however,  show  the  transition  that  obtains 
in  passing  from  the* moist,  fertile  prairies  of  the  Mississippi  Valley 
to  the  dry  plains,  or  fi*om  the  deserts  and  mountainous  districts  of 
the  interior  to  the  moist  region  bordering  the.  Pacific  coast  north 
of  the  parallel  of  40°.  Spermophilus  tr^cem-lineatus  furnishes  a 
good  illustration  of  the  differences  in  color  that  occur  between 
representatives  of  the  same  species  living  on  the  moist,  fertile 
prairies  and  those  inhabiting  the  dry,  barren  plains,  those  from 
Illinois,  Wisconsin,  Minnesota  and  Iowa  being  much  darker  than 
those  fVom  Western  Nebraska,  Western  Kansas  and  Colorado. 
Even  specimens  from  Eastern  Kansas  are  much  darker  than  those 
from  the  middle  and  western  portions  of  the  same  State.  In  this 
species  the  color  is  varied,  in  passing  from  the  prairies  to  the 
plains,  not  only  by  the  lighter  shade  of  the  dark  ground  color,  but 
by  the  considerably  greater  breadth  of  the  light  spots  and  stripes 
in  the  specimens  from  the  plains." 

««««««« 

"  But  two  of  the  most  instructive  and  interesting  groups  of  the 
Sciuridce,  in  this  connection,  are  those  of  which  the  common  Sci- 
urus Hudsonius,  and  Tamias  quadrivitiaJtus  are  respectively  famil- 
iar examples,  the  former  ranging  over  the  northern  half  of  the 
continent,  and  the  latter  extending  over  the  western  half  of  North 
America  and  Eastern  Asia.  In  the  Sciurus  Hudsonius  group,  we 
have  at  the  east  the  well-known  chickaree  (S.  Hudsonius),  extend- 
ing westward  to  the  Plains,  and  northwestward  to  Alaska,  with  its 
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brighter  and  smaller  southern  form  in  the  eastern  Atlantic  States. 
On  the  arid  plains  of  the  Platto  and  Upper  Missouri  rivers  it  pre- 
sents a  markedly  paler  or  more  fulvous  phase,  well  illustrated  by 
specimens  from  the  Black  Hills.  This  form  becomes  even  still 
paler  and  more  fulvous  at  the  eastern  base  of  the  main  chain  of 
the  Rocky  Mountains,  between  latitude  48*  and  47",  where  it  be- 
gins to  pass  by  insensible  stages  of  gradation  into  the  so-called 
Sciurus  Richardsoni  of  the  Rocky  Mountains  north  of  45*",  and 
the  so-called  Sciurua  Fremonti  of  the  Rocky  Mountains  south  of 
about  the  same  parallel.  In  the  collections  made  in  Western  Wy- 
oming, near  the  Yellowstone  Lake,  occar  many  specimens  which 
are  so  exactly  intermediate  between  the  three  forms  {S,  Hudsonius^ 
8.  Richardsoni  and  S.  Fremonti)  whose  habitats  here  meet,  that  it 
is  impossible  to  say  which  of  the  three  forms  they  most  resemble. 
At  the  same  time  specimens  can  be  selected  which  will  form  a  se- 
ries of  minute  gradations  from  the  pale  form  of  Hadaoniua  from 
the  Plains,  on  the  one  hand,  to  the  Richardsoni  and  Fremonti 
forms  on  the  other.  To  the  southward  of  this  district  we  soon 
pass  into  the  region  of  the  typical  Fremonti^  and  to  the  westward 
and  northward  into  the  habitat  of  the  Richardsoni  type.  Even 
the  country  about  the  sources  of  the  Gros  Ventres  Fork  of  the 
Snake  River,  is  already  within  the  range  of  the  true  Richardsoni, 
The  habitat  of  S,  Richardsoni  extends  from  the  main  chain  of  the 
Rocky  Mountains,  north  of  latitude  44°,  to  the  Cascade  Range. 
Here  it  becomes  mixed  with  S.  Doiiglassi^  which  scarcely  differs 
from  S,  Richardsoni^  except  in  being  a  little  darker  above,  and  in 
having  the  ventral  surface  more  or  less  strongly  tinged  with  buff, 
varying  in  different  specimens  from  cinereous  to  pure  buff.  This 
form  prevails  from  the  Cascade  Range  to  the  Pacific  Coast,  south- 
ward to  Northern  California,  and  northward  probably  to  Sitka. 
In  Northern  California  the  S.  Douglassi  meets  the  range  of  the 
true  S,  Fremonti^  between  which  two  forms  there  is  here  the  most 
gradual  and  intimate  intergradation.  In  this  group  we  have  hence 
four  forms  which,  in  their  extreme  phases  of  mutual  divergence, 
appear  as  diverse  as  four  good,  congeneric  species  need  to,  but 
which,  at  points  where  their  respective  habitats  join,  pass  into 
each  other  as  gradually  as  do  the  physical  conditions  of  the  locali- 
ties at  which  their  extreme  phases  are  developed. 

The  Tamias  quadrivittatus  group  *  presents  an  equally  or  even 
more  striking  range  of  variation  in  color,  and  also  varies  to  an 
unusual  degree  in  size.  Beginning  at  the  northward,  we  find  that 
specimens  from  as  far  south  as  Pembina,  and  thence  northward, 
are  quite  undistinguishablo  from  specimens  from  Northeastern 
Asia,  or  the  so-called  Tamias  ''Pdllasi"  (T.  Pallasi  Baird=!r. 
striatus  of  most  European  anthors).  This  form  is  found  to  only 
a  limited  extent  south  of  the  northern  boundary  of  the  United 

>  Tamias  qModrivUtaiuif  T,  PaUoH,  T,  Toumsendi  and  7*.  donatts  of  American  authors. 
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States,  where  on  the  plains  of  the  Upper  Missoari  it  passes  into 
the  blanched,  pallid  form  of  T.  quadrivUtatua  {T.  quadrivittahis  var. 
pcdlidua  nobis, — see  beyond),  and  farther  westward  into  the  trae 
T,  quadrivittatus  of  the  Rocky  Mountains,  and  still  further  west- 
ward into  the  so-called  T.  Toumsendi  of  the  Pacific  Coast.  In 
this  group  the  greatest*  pallor  is  reached  on  the  plains  of  the 
Yellowstone,  and  in  the  deserts  of  Nevada,  Utah  and  Arizona. 
In  the  central  portions  of  the  Rocky  Mountains  (Colorado  and 
portions  of  New  Mexico)  a  form  is  developed  distinguished  by  its 
generally  bright,  strong  colors,  but  especially  for  the  rich  fulvous 
tints  of  the  sides  of  the  body,  to  which  there  is  but  a  slight  ten- 
dency either  in  the  northern  form  or  the  pallid  form  of  the  plains. 
Both,  however,  very  gradually  pass  into  the  rufous-sided  type,  the 
pallid  form  wherever  the  plains  approach  the  mountains  (as  along 
the  eastern  base  of  the  Rocky  Mountains,  the  Uintah,  Sierra  Ne- 
vada, and  others  of  the  more  southern  ranges),  gradually  becom- 
ing fulvous,  while  the  darker  northern  form  grtides  into  the  larger 
fulvous  race  of  the  more  northern  portions  of  the  Rocky  Moun- 
tains in  Montana  and  Idaho.  This  larger  fulvous  race  west  of  the 
main  divide  soon  begins  to  assume  a  duller,  more  fuscous  shade, 
deepening  finally  into  the  very  fuscous  form  {T,  Toimaendi)  of 
the  region  between  the  Cascade  Range  and  the  Pacific  Coast. 
In  this  form  the  general  color  increases  so  much  in  depth  as  to  be- 
come dusky  yellowish-brown,  and  both  the  light  and  the  dark 
stripes  become  obscure,  and  occasionally  almost  entirely  obsolete, 
through  the  gradual  accession  of  color.  Between  the  extreme 
phase  of  this  fbscous  type  and  the  extreme  phase  of  the  pallid 
type  of  the  plains,  in  which  the  stripes  are  sometimes  again  par- 
tially obsolete  through  the  extreme  lightness  of  the  general  color, 
the  differences  are  very  great  indeed.  Yet  in  placing  the  scores 
of  specimens  I  have  had  the  opportunity  of  examining  in  a  geo- 
graphical series,  or  arranging  them  simply  according  to  their  local- 
ities, a  most  thorough  and  minute  intergradation  becomes  at  once 
apparent.  The  difference  in  size,  too,  between  northern  and  south- 
em  specimens  is  also  unusually  great ;  the  pale,  southern  form  of 
the  plains,  and  the  extremely  bright,  fulvous  form  of  Colorado 
and  New  Mexico,  being  very  much  smaller  than  the  noHhern, 
darker  form,  or  than  the  Aiscous  type  of  the  northwest  coast. 

As  corroborative  evidence  that  these  varied  types  of  coloration 
are  but  geographical  races,  it  beoomes  interesting  to  observe  that 
the  light  and  dark  and  the  fulvous  and  rufous  forms  respectively, 
of  the  different  species,  occur  over  the  same  areas.  With  the 
fuscous  type  of  Tamias  quadrivittatus  occur  the  dark  types  of 
Sciunta  Hudsonius^  and  the  dark-backed  form  of  SpermophUua 
grammuraa^  and  also  a  peculiar,  dusky  form  of  Arctpmys  and  of 
Lepus,  and  a  dark  form  of  SpermophUus  Richardsoni.  On  the 
plains  occur  pallid  forms  of  Sciurus  ^^  ludovicanusj'*  Sciurus  Hudr 
sonitiSj    Tamias  quadrivittatus^  and    SpermophUus  Bidiardsoni. 
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With  the  fulvoas  type  of  Tamiaa  quadrivUtatua  occurs  a  rufoos 
of  SpermopJiUus  grammurus;  bat  the  form  of  Sciuraa  Hudsoniua 
occurring  over  the  same  area,  presents  the  exceptional  condition 
of  a  minimum  amount  of  rufous." 

Respecting  the  mammals  and  birds  of  the  continent  as  a  whole, 
Mr.  Allen  recognizes  at  least  five  more  or  less  well  marked  areas 
characterized  by  certain  peculiarities  of  color  variation,  and  finds 
a  striking  correlation  between  these  areas  and  the  prevalent  ten- 
dencies of  color-increase  and  the  amount  of  aqueous  precipitar 
tion: 

^'  The  first  region  we  propose  now  to  define  is  that  of  the  Atlantic 
Slope,  which  will  include  not  only  the  country  east  of  the  Allegha- 
nies,  but  a  large  part  of  the  British  Possessions,  extending  west- 
ward at  least  as  far  as  Fort  Simpson,  and  thence  northward  and 
westward  to  Alaska,  including,  apparently,  all  of  that  territory 
north  of  the  Alaska  Mountains,  with  an  annual  rainfall  through- 
out the  whole  of  this  extended  region  of  about  thirty-five  to  forty- 
five  inches.  Over  this  region  (to  which  we  may  give  the  general 
term  of  Atlantic  Region)  the  colors  may  be  regarded  as  of  the 
average  or  normal  type,  those  of  other  regions  being  either  of  a 
diminished  or  increased*  intensity. 

The  second  region  will  embrace  the  Mississippi  Valley,  or  more 
properly  the  Mississippi  Basin,  and  may  hence  be  termed  the  Muh 
sksippi  Region.  Here  the  annual  rainfall  reaches  forty-five  to 
fifty-five  inches,  and  over  a  small  area  east  of  the  Lower  Missis- 
sippi even  exceeds  sixty  inches.  The  tendency  here  is  so  often 
to  an  increase  of  fulvous  and  rufous  tints,  that  we  may  regard  this 
as  the  distinctive  chromatic  peculiarity  of  the  region,  these  tints 
reaching  their  maximum  in  the  limited  area  of  greatest  humidity, 
but  a  general  increase  in  intensity  of  color  is  also  more  or  less 
characteristic  of  the  region.  A  third  region  embraces  the  central 
portion  of  the  Rocky  Mountains,  and  being  developed  most 
strongly  within  the  present  territory  of  Ck>lorado,  and  being  also 
mainly  included  within  that  terntory,  may  be  termed  the  Colorado 
Region.  The  tendency  here  again,  as  compared  with  the  imme- 
diately adjoining  districts,  is  to  a  general  increase  of  intensity  of 
color,  with  also  a  marked  inclination  to  the  development  of  rufous 
and  flilvous  tints,  this  region  being  also  within  the  infiuence  of  a 
comparatively  high  temperature,  at  least  in  summer.  The  hu- 
midity is  here  less  than  in  either  of  the  other  regions  already  de- 
fined, the  annual  aqueous  precipitation  amounting  to  only  about 
twenty -four  to  thirty  inches ;  but  it  is  yet  greatly  in  excess  of  that 
of  the  districts  immediately  surrounding  it. 

The  fourth  region  may  be  regarded  as  made  up  of  the  arid 
plains  and  deserts  of  the  great  central  plateau  of  the  Continent, 
including  not  only  the.  '^  Great  Plains,"  usually  so  called,  but  the 
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deseils  and  plains  of  Utah,  Nevada,  Western  Colorado,  New  Mex- 
ico, Arizona  and  southwestward  to  Lower  California,  and  may 
hence  be  appropriately  termed  the  Campestrian  Region.  The  an- 
nual rainfall  is  generally  below  fifteen  inches,  but  ranges,  at  dif- 
ferent localities,  from  three  inches  to  twenty.  Here  a  general 
paleness  of  color  is  the  distinctive  feature.  The  fifth  region  be- 
gins on  the  Pacific  Coast  at  about  the  40th  parallel,  embracing  a 
comparatively  narrow  belt  along  the  coast  ftom  Northern  Cali- 
fornia to  Sitka.  Its  peculiarities  are  most  strongl}'  developed 
west  of  the  Cascade  Range,  north  of  45° ;  they  also  prevail  east- 
ward nearly  or  quite  to  the  main  chain  of  the  Rocky  Mountains. 
It  may  hence  be  termed  the  Columbian  Region,  With  an  average 
annual  rainfall  of  fifty-five  to  sixty-five  inches,  the  prevalent  ten- 
dency in  color  is  to  dusky  and  fuscous  rather  than  rufous  tints. 
The  district  between  the  Cascade  Range  and  the  main  chain  of 
the  Rocky  Mountains  presents  features  that  may  almost  entitle  it 
to  rank  as  a  distinct  region,  as  might  also  the  region  of  maximum^ 
rainfall  in  the  Mississippi  Region.  The  southern  half  of  Florida 
is  also  perhaps  entitled  to  recognition  as  a  distinct  region,  being 
characterized  by  excessive  humidity  and  a  subtropical  intensity  of 
color.  It  may  also  be  necessary  eventually  to  recognize  as  dis- 
tinct districts  the  almost  rainless  portions  of  the  Campestrian 
Region." 

«  «  «  «  «  «  « 

After  looking  at  the  subject  in  this  broad  way  the  reader  need 
not  feel  surprised  at  the  suppression  of  a  good  many  nominal  spe- 
cies. In  1857  Professor  Baird  reduced  the  number  of  species  of 
Sciurus  firom  twenty-four  to  ten,  with  two  doubtful  ones;  Mr. 
Allen  now  reduces  them  to^i;^,  with  seven  geographical  varieties 
in  addition.  The  number  of  North  American  species  of  Sciuridse 
in  all  is  twenty-five. 

BOTANY. 

Thb  Starch  of  Zamia.  —  The  roots  of  Zamia  pumila  yield  a 
large  per  cent,  of  starch.  The  plant  grows  abundantly  at  the 
head  of  Biscayne  Ba}',  Florida.  I  also  found  it,  though  not  abun- 
dantly, at  New  Smyrna  and  Cedar  Keys,  Florida.  The  soil  at  the 
head  of  Biscayne  Bay  is  full  of  loose  pie^^es  of  limy  rocks ;  between 
the  interstices  of  these  the  plant  grows ;  this  kind  of  soil  suits  it 
best.  The  leaves  have  the  general  appearance  of  ferns ;  its  roots 
are  rough,  of  a  gray  color,  and  of  the  shape  and  size  of  parsnips. 
Not  only  is  it  abundantly  reproduced  Arom  seed,  but  any  piece 
left  in  the  ground  grows.  It  could  be  cultivated  and  made  prof- 
itable. 
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The  root  yields  two  kinds  of  starch,  white  and  yellow ;  also  a 
poisonous  substance.  The  white  starch  is  very  nutritious  and 
makes  excellent  puddings,  much  nicer  than  sea  moss,  farina  or 
corn  starch  ;  in  fact,  it  is  equal  to  any  starch  for  domestic  or  man- 
ufacturing purposes.  The  yellow  starch  is  much  lighter  than  the 
white,  and  can  be  easily  separated. 

The  roots  yield  a  larger  per  cent,  of  white  starch  during  the  dry 
season,  when  the  plant  is  at  rest ;  when  growing  it  produces  more 
yellow  starch.  If  used  at  this  period  a  good  slice  is  taken  off 
the  top  and  bottom,  containing  mostly  yellow  starch,  which  is 
feed  to  chickens  and  hogs.  They,  however,  never  get  fat,  as  the 
substance  contains  but  little  nourishment.  If  the  root  is  used 
in  the  dry  or  resting  season,  the  very  tip  of  the  root  is  taken  off, 
and  a  very  thin  slice  with  the  leaves. 

After  the  roots  are  washed  clean  and  deprived  of  the  neces- 
sary slice  fVom  top  and  bottom,  they  are  then  ground  into  a 
pulp,  mixed  with  water  and  which  is  passed  through  a  screen. 
This  process  carries  off  the  poisonous  matter  as  it  is  run  off. 
The  yellow,  being  so  light  and  not  adhesive  to  the  white  starch, 
is  easily  taken  off.  Both  kinds  dry  easily  in  the  sun.  If  the 
water  and  starch  remain  together  long,  fermentation  takes 
place,  and  the  two  grades  of  starch  will  not  separate.  It  is 
therefore  best  to  grind  the  roots  quickly,  draw  off  the  water  and 
separate  the  starches  promptly,  as  a  pure  white  article  is  required 
for  commerce. 

The  Seminole  Indians  make  but  little  starch  for  sale ;  they  have 
not  the  facilities  for  separating  and  drying ;  but  they  make  a  good 
deal  for  their  own  use,  as  they  are  not  particular  about  leaving 
the  less  nutritious  yellow  with  the  white.  The  Indians  make  it 
into  mush,  either  separate  or  mixed  with  flour ;  they  also  make 
bread  of  it,  using  the  starch  mixed  with  corn  meal  or  flour.  There 
are  several  mills  among  the  white  settlers  of  Biscayne  Bay  for  the 
manufacture  of  this  starch. 

The  seed  of  this  plant  is  covered  with  a  bright  orange  pulp, 
which,  if  eaten,  has  a  dangerous  narcotic  effect.  The  leaves  of 
the  Zamia  are  the  favorite  food  of  that  beautiful  butterfly  Eumcms 
Atala^  which  surpasses  in  beauty  all  other  butterflies  of  Biscayne 
Bay ;  it  is  more  numerous  than  any  other ;  it  is  not  exaggeration 
to  say  that  it  equals  in  number  all  the  other  species  of  butterflies 
in  that  region.    They  fly  low,  with  a  slow,  measured  motion, 
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alighting  rather  suddenly  upon  the  leaves,  are  taken  easily,  as 
they  are  not  shy  nor  easily  disturbed.  This  plant  is  very  common 
in  the  pine  woods ;  often  in  botanizing  I  have  seen  but  few  other 
plants,  consequently  the  Atala  would  be  very  numerous.  Often 
three  or  four  occur  on  one  plant.  Their  eggs,  well-matured  pupae, 
cocoons  and  caterpillars,  are  found  upon  the  same  plant. 

This  plant  is  commonly  called  Compte,  and  the  starch  goes  by 
that  name,  while  the  Atala  butterfly  is  called  '^Compte  Moth." 
The  inhabitants  readily  recognize  the  caterpillars,  as  they  and 
their  parent  are  unlike  any  other  of  the  butterflies  of  Biscayne 
Bay.  Several  chrysalides  were  placed  in  a  box,  part  of  them  had 
Xiearly  completed  their  transformation,  others  were  not  so  ad- 
vanced. The  flrst  hatched  in  five  days,  the  others  in  seven  days. 
Whether  they  would  have  hatched  in  that  time  if  left  upon  the 
plant  is  more  than  I  can  tell.  I  noticed  this  insect  feeding  upon 
the  banana  leaves  in  the  gardens,  but  upon  no  other  plant  did  it 
seem  to  feed,  other  than  its  natural  one,  the  Zamia  pumila.  —  E. 
Palmer. 

ZOOLOGY. 

Ok  an  Undesoribed  Organ  in  Limulus,  supposed  to  be  renal 
IN  ITS  Nature.^ — In  dissecting  the  king  crab  one's  attention  is 
directed  to  a  large  and  apparently  important  gland,  conspicuous 
from  its  bright  red  color  contrasting  with  the  dark  masses  of  the 
liver  and  the  yellowish  ovary  or  greenish  testes,  and  presenting 
the  same  appearance  in  either  sex.  The  glands  are  bilaterally 
symmetrical,  one  situated  on  each  side  of  the  stomach  and  begin- 
ning of  the  intestine,  and  each  entirely  separate  f^om  its  fellow. 
One  of  these  glands  consists  of  a  stolon-like  mass,  running  along 
close  to  the  great  collective  vein,  and  attached  to  it  by  irregular 
bands  of  connective  tissue,  which  also  holds  the  gland  in  place. 
From  this  horizontal  mass,  four  vertical  branches  arise,  and  lie 
between  and  next  to  the  partitions  at  the  base  of  the  legs,  divid- 
ing the  sides  of  the  body  into  compartments.  The  posterior  of 
these  four  vertical  lobes  accompanies  the  middle  hepatic  vein  from 
its  origin  from  the  great  collective  vein,  and  is  sent  off  opposite 
the  insertion  of  the  fifth  pair  of  feet.    Half-way  between  the  ori- 

1  Read  at  the  Philadelphia  Meeting  or  the  National  Academy  of  Sciences,  held  in 
Nov.,  1874.  • 
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gin  of  the  vein  and  the  articulation  of  the  foot  to  the  body,  it 
tarns  at  a  right  angle,  the  ends  of  the  two  other  lobes  passing  a 
little  beyond  it,  and  ends  in  a  blind  sac,  less  vertical  than  the 
others,  slightly  ascending  at  the  end,  which  lies  just  above  the 
insertion  of  the  second  pair  of  feet.  The  two  middle  lobes  are 
directed  to  the  collective  vein.  Each  lobe  is  flattened  out  some- 
what and  lies  close  to  the  posterior  wall  of  the  compartment  in 
which  it  is  situated,  as  if  wedged  in  between  the  wall,  and  the 
muscles  between  it  and  the  anterior  portion  of  the  compartment. 
Each  lobe  also  accompanies  the  bases  of  the  first  four  tegumentary 
nerves.  I  could  not  by  injection  of  the  gland,  make  out  any  gen- 
eral opening  >  into  the  cavity  of  the  body  or  any  connection  with 
the  hepatic  or  great  collective  vein ;  an}^  attempts  to  inject  the 
gland  from  the  veins  failing.  The  four  lobes  certainly  end  in 
blind  sacs.  The  lobes  are  irregular  in  form,  appearing  as  if 
twisted  and  knotted,  and  with  sheets  and  bands  of  connective  tis- 
sue forming  the  sheaths  of  the  muscles  among  which  the  gland 
lies.  Each  lobe,  when  cut  across,  is  oval,  with  a  yellowish  interior 
and  a  small  central  cavity,  forming,  evidently,  an  excretory  duct. 
The  gland  externally  is  of  a  bright  brick  red.  The  glandular 
mass  is  quite  dense,  though  yielding.  It  is  singular  that  this  con- 
spicuous gland,  though  it  must  have  engaged  their  attention,  has 
not  been  noticed  by  Van  der  Hoeven,  Owen  or  A.  Milne-Edwards 
in  their  accounts  of  dissections  of  this  animal. 

When  examined  under  a  Hartnack's  No.  9  immersion  lens  and 
Zentmayer's  B  eye  piece,  the  reddish  external  cortical  portion 
consists  of  closely  aggregated  in*egularly  rounded  nucleated  cells 
of  quite  unequal  size,  and  scattered  about  in  the  interstices  be- 
tween the  cells  are  dark  reddish  masses  which  give  color  to  the 
gland.  They  are  very  irregular  in  size  and  form,  and  twenty 
hours  after  a  portion  of  the  parenchyma  was  submitted  to  micro- 
scopic examination  vibrated  to  and  fro.  I  am  reminded  in  the 
vibrating  movements  of  these  bodies,  of  Siebold's  (Anatomy  of 
the  Invertebrates)  description  of  similar  bodies  in  the  renal 
organs  of  the  Lamellibranchs,  i.e.,  the  gland  of  Bojanus.  He 
says  in  a  foot-note,  p.  214  (Burnett's  Translation),  **If  the  walls 
of  these  organs  are  prepared  in  any  way  for  microscopic  examin- 


^  Leydtg  (Natargeschipbte  der  Daphniden)  states  that  several  anatomists,  after  la- 
borious attempts,  have  fliUed  to  Had  the  opening  to  the  green  gland  in  any  cmstacean. 
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ation,  a  part  of  their  parenchyma  separates  into  a  vesiculo-granu- 
lar  mass,  the  particles  of  which  have  a  very  lively  dancing  mo- 
tion. The  motions  are  due  to  portions  of  ciliated  epithelium 
adhering  to  the  cells  and  granules." 

In  other  portions  of  the  outer  reddish  part  of  the  gland,  where 
the  pigment  ( ?)  masses  are  wanting,  the  mass  is  made  up  of  fine 
granular  cells,  not  nucleated.  Other  cells  have  a  large  nucleus 
filled  with  granules  and  containing  nucleoli. 

In  the  yellowish,  or,  as  we  may  for  convenience  call  it,  the 
medullary  portion,  are  scattered  about  very  sparingly  what  are 
probably  the  round  secreting  cells.  The  nucleus  is  very  large  and 
amber  colored,  with  a  clear  nucleolus ;  others  have  no  nucleolus, 
and  the  small  ones  are  colorless. 

I  am  at  a  loss  to  think  what  this  gland  with  its  active  secreting 
cells,  filled  with  a  yellowish  fluid,  can  be,  unless  it  is  renal  in  its 
nature.  This  view  is  borne  out  by  the  fact  of  its  relation  with 
the  hepatic  and  great  collective  vein.  If  future  examination  shows 
some  outlet  into  the  venous  circulation,  then  its  renal  nature 
would  seem  most  probable.  No  other  organ  that  can  be  renal  in 
its  nature  exists  in  Limulus.  In  its  general  position  and  relations 
it  is  probably  homologous  with  the  green  gland  of  the  Decapod 
Crustacea,  and  its  homologue  in  the  lower  orders  of  Crustacea, 
which  is  supposed  also  to  be  renal  in  its  nature.  It  may  also 
possibly  represent  the  organ  of  Bojanus  in  the  Mollusca,  which  is 
said  to  be  renal  in  its  function.  It  perhaps  represents  the  gland- 
ular portion  of  the  segmental  organs^  in  worms.  That  so  large 
and  important  a  gland  is  an  embryonic  gland,  in  adult  life  aborted 
and  disused,  is  not  probable,  nor  is  there  any  good  reason  for  re- 
garding it  as  analogous  to  the  suprarenal  capsule  of  the  verte- 
brates, analogues  of  which  are  said  by  Leydig  to  exist  in  Paludina 
and  Pontobdella. 

Reasoning  from  their  histological  structure,  and  by  exclusion,  it 
seems  not  improbable  that  these  glands  are  renal  in  their  nature 
and  homologous  with  the  green  glands  of  the  normal  Crustacea. 

They  seem  also  homologous  with  the  organs  described  by  M. 
A.  Giard  in  the  Rhizocephala,  and  said  by  him  to  be  "  situated  on 
each  side  of  the  middle  part  of  the  animal,  and  generally  colored 
yellow  or  red  (primitive  kidneys?)."  Annals  and  Mag.  N.  H., 
Nov.,  1874,  p.  383. 

I  may  add  that  all  these  observations  were  made  on  living  Lim- 
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ulus  Polyphemus,  in  the  laboratory  of  the  Anderson  School  of 
Natural  History  at  Penikese  Island,  Mass. — ^A.  S.  Packard,  Jr. 

Birds  Breeding  on  Penikese  Island. — The  following  birds 
have  been  observed  by  me,  breeding  upon  the  island  during  the 
summer  months  of  July  and  August,  1873,  and  '74. 

Hirundo  horreorum  Wils.  Barn  swallow.  Several  nests  have 
been  found  in  the  bam  and  beneath  several  old  sheds,  and  may  be 
called  common. 

Fetrochelidon  lunifrojis  Cab.  Cliff  swallow.  One  nest  found  on 
the  outside  of  an  old  shed.     Rare. 

Cotyle  ripai%a  Boie.  Bank  swallow.  A  small  colony  on  the 
northwest  side  of  the  Island  in  a  small  sand  bank.  Common  or 
not  rare. 

Pasaerculus  Savanna  Bon.  Savanna  sparrow.  Found  breeding 
on  the  ground  all  over  the  Island.     Common. 

Pooecetes  gramineus  Bd.  Orass  finch,  bay-winged  bunting. 
Several  nests  have  been  taken.  Not  common  but  may  be  found 
more  abundantly. 

Mdospiza  melodia  Bd.  Song  -sparrow.  Several  nests  have  been 
found.    Not  rare. 

Agelaeus  pheniceus  Vieill.  Eed-winged  blackbird.  Nests  in  the 
sedge  grass,  not  very  abundant,  on  the  north  shore  of  the  larger 
Island.    Not  rare. 

JSlumella  magna  Vieill.  Meadow  lark.  Breeds  in  the  fields  of 
the  larger  Island  in  several  places.     Common. 

Tyrannx(s  Carolinensis  Cuv.  Kingbird,  bee  martin.  One  nest 
of  four  eggs  was  found  by  me  in  the  bow  of  an  old  sail  boat  on 
the  north  side  of  the  island  in  1873;  have  seen  none  since. 

Tringoides  macularius  Bon.  Spotted  sandpiper.  A  few  pairs 
have  been  found  breeding  along  the  shores  and  in  the  grass  near 
the  shore.     Common  or  not  rare. 

[^Tachycineta  ^icolor  was  found  breeding  on  the  island  in  the 
summer  of  1873,  by  Mr.  A.  S.  Scott,  as  we  are  informed  by  Mr. 
C.  O.  Whitman.—EDS.] 

Sterna  hirundo  Wils.  Wilson's  tern.  Breeds  abundantly  all 
along  the  shores  and  in  the  grass  near  the  shores. 

Sterna  paradisea  Law.  Roseate  »tern.  Breeds  with  the  former, 
but  perhaps  not  quite  so  abundantly,  but  both  breed  by  hundreds, 
.though  they  are  fast  leaving  for  more  secure  quarters. 
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Stemu  mpercUliaris  Vieill.  Least  tern.  I  add  this  on  the 
authority  of  Mr.  C.  O.  Whitman  by  whom  a  young  bird  was  found, 
probably  bred  here  in  former  years.^ 

Other  forms  may  possibly  be  found,  though  owing  to  the  small- 
ness  of  the  island  I  rather  doubt  it.  —  W.  Steabns. 

Prairie  Mice. — Last  fall,  some  boys  out  hunting,  for  lack  of 
larger  game,  chased  some  prairie  mice  into  an  old  stump.  With 
the  aid  of  the  dog  the  stump  was  quickly  demolished,  exposing 
the  winter  quarters  of  some  eight  or  ten  mice.  Two  of  the  little 
fellows  were  captured  alive;  tied  into  a  mitten  and  brought  to 
me.  They  were  placed  in  a  tin  box ;  in  the  evening  the  box  was 
set  on  the  table  and  the  cover  removed.  The  mice  soon  became 
so  tame  that  they  would  leave  their  box,  play  over  the  table  and 
take  morsels  of  food  from  our  hands ;  but  they  would  never  allow 
us  to  catch  them.  In  fact  that  seemed  an  impossibility,  although 
often  attempted ;  our  hands  would  invariably  be  found  empty  and 
the  mice  sitting  on  the  opposite  side  of  the  table  coolly  washing 
their  hands,  seeming  to  enjoy  our  discomfiture.  These  mice  had 
eyes  and  ears  much  larger  than  those  of  the  house  mouse;  the 
hair  on  the  throat,  abdomen  and  feet,  pure  white.  Their  motions 
were  all  exceedingly  quick,  they  never  walked  but  darted  or 
jumped  from  one  position  to  another.  When  performing  their  ab- 
lutions their  comical  appearance  invariably  excited  laughter ;  one 
little  paw  would  be  moistened  and  drawn  over  the  ears  and  face,  so 
rapidly  that  it  required  sharp  eyes  to  follow  the  motion,  the  other 
paw  alternating  till  a  satisfactory  state  of  cleanliness  was  ob- 
tained. As  a  final  touch  to  the  toilet,  the  long,  slender  tail,  was 
switched  through  the  mouth  from  base  to  tip  with  lightning  speed. 

I  observed  one  habit  in  our  mice  that  I  do  not  remember  to 
have  seen  noticed  before  in  any  of  the  Muridse.  When  frightened 
they  would  make  a  clear,  quick,  rattling  noise,  by  alternately 
lifting  their  fore  feet  and  vibrating  them  against  whatever  they 
were  resting  on.  Occasionally  a  loosely  folded  paper  was  laid  on 
the  table  for  the  mice  to  hide  in ;  they  sprung  their  rattle  much 
more  frequently  when  on  the  paper  than  when  hiding  behind  books 
on  the  table ;  probably  because  they  found  the  paper  a  better 
medium  of  sound  than  the  solid  table  with  its  cloth  cover.    In  a 

>  There  were  Bome  twenty  pair  of  this  bird  there  last  snmmer  breeding.— T.  M.  B. 
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hollow  log  or  stump,  this  noise  probably  proves  an  effectual  means 
of  communicnting  alarm  to  each  other.  After  keeping  our  pets 
about  three  months  they  escaped  fi-om  us ;  we  never  knew  how  or 
where ;  the  lid  was  pushed  from  the  box  and  they  were  gone. — J. 

M.  MlLLIOAM. 

Beaks,  etc.,  in  Arizona.  —  In  Dr.  Cones'  article  on  *'The 
Quadrupeds  of  Arizona"  (Am.  Naturalist,  vol.  1,  No.  7,  p.  354), 
I  find  but  two  species  of  the  Ursidae  mentioned  as  residents,  and 
one  variety^  U.  Jiorriceus^  as  extending  into  Mexico.  While  at- 
tached to  Lt.  Wheeler's  Expedition  as  Naturalist  in  1871, 1  saw 
large  numbers  of  bear  skins  amongst  the  Coyote  Apaches,  then 
living  at  Camp  Apach6  in  Eastern  Arizona. 

Black  skins  appeared  most  abundant,  next  grizzly,  and  occa- 
sionally that  of  the  cinnamon  bear.  The  latter  hides  were  in  such 
bad  condition  that  I  declined  trading  for  them,  although  half  a 
pound  of  "Army  plug"  would  have  secured  one. 

The  Indians,  as  well  as  the  officers  at  the  Post,  informed  me 
that  bears  were  abundant  in  the  MogoUon  Mts.,  but  the  former 
seldom  attack  a  grizzly.  Dr.  Soule,  Post  Surgeon,  said,  that 
while  taking  a  horse-back  ride  up  the  wooded  banks  of  the  Rio 
del  Sal  one  day,  he  suddenly  came  upon  four  large  grizzly  bears, 
and  as  they  did  not  show  any  disposition  to  leave,  he  suddenly  re- 
traced his  tracks  to  the  Post.  One  large  bear,  of  the  same  species 
also,  upon  another  occasion  had  the  curiosity  to  cross  the  ravine 
and  go  about  the  parade  ground,  until  fired  at  by  the  sentinels, 
when  he  trotted  off,  threw  himself  over  the  precipice  (on  the  river 
side  of  the  post)  into  the  water,  swam  across  and  disappeared 
amongst  the  pines. 

At  Bill  Williams  Mt.,  we  shot  one  grizzly,  and  found  numerous 
tracks  around  the  springs.  Wild  Turkeys  were  occasionally  seen, 
and  as  we  approached  Postal's  Ranche,  about  twenty  miles  north 
of  Ft.  Whipple,  we  saw  and  chased  several  herds  of  Antelope. 
While  in  the  mountains  we  also  obtained  five  specimens  of  Cervruf 
macrotis  Say,  which  appeared  rather  abundant.  There  is  another 
mammal,  the  beaver  {Castor  Canadensis  Kuhl.),  quite  abundant 
near  Camp  Verde.  Five  miles  northeast  of  the  Post,  Beaver 
creek  contains  numerous  dams,  and  colonies  of  these  animals  and 
many  pelts  are  annually  collected,  though  a  few  years  will  suffice 
to  exterminate  a  race,  covering  so  small  an  area,  and  hemmed  in 
by  watericss  deserts  and  rocky  caaons. —  W.  Hoffman,  M.D. 
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Albino  Fishes. — Two  interesting  cases  of  albinism  in  fishes 
have  recently  fallen  within  my  observation.  The  first  was  a 
specimen  of  the  common  haddock  (Melanogrammtts  ceglefinua)^ 
taken  off  Bamegat,  N.  J.,  May  7th,  by  the  schooner  "White 
Cloud,"  of  New  London,  and  shown  to  me  by  my  friend,  Mr. 
Blackford,  of  Fulton  Market,  New  York.  This  fish,  which  was 
thirty-one  inches  long,  was  normal  in  every  particular  except  in 
color.  Its  general  hue  was  pinkish-white,  with  a  pearly  lustre, 
instead  of  the  usual  brownish-gray.  The  back  and  top  of  the 
head  were  slightly  darker,  approximating  a  very  light  salmon 
color.  The  black  stripe  which  usually  marks  the  lateral  line  and 
the  blackish-brown  blotch,  behind  and  above  the  pectorals — the 
traditional  mark  of  the  thumb  of  the  disciple  Peter — were  entirely 
absent.  The  fins  throughout  were  yellowish  white  with  a  tinge  of 
red,  except  the  ventrals  which  were  a  shade  darker.  The  slightest 
trace  of  the  normal  ashy  tint  of  the  belly  might  be  discovered 
just  below  the  origin  of  the  pectorals. 

The  second  instance  is  a  specimen  of  the  common  eel  (Anguilla 
Bostoniensis)  taken  in  salt  water  at  Noank,  Conn.,  in  December, 
1874,  and  presented  to  the  U.  S.  National  Museum,  by  Capt.  Elihu 
Potter.  In  this  the  color  is  a  dull,  pale  yellow  above,  becoming 
nearly  white  beneath. 

According  to  M.  Dareste  albinism  is  not  uncommon  among 
European  eels.  It  appears,  however,  to  be  very  exceptional  in 
our  waters.  I  have  never  seen  or  heard  of  an  instance  besides 
the  case  just  cited.  True  albinism  is  especially  uncommon  among 
the  members  of  the  family  to  which  the  haddock  belongs.  The 
ground  color  of  the  cod  and  haddock  varies  much  with  the  bot- 
tom on  which  they  are  taken,  but  I  have  never  known  of  a  case 
in  which  the  spots  and  other  markings  were  obliterated.  A  fa- 
miliar instance  of  the  influence  of  the  color  of  the  bottom  is  found 
in  the  rosy  "rock-cod"  of  the  coast  of  Maine,  which  is  usually 
taken  in  the  neighborhood  of  ledges  covered  with  the  bright  red 
algae  such  as  Ftilota  serrcUa  and  Delesseria  sinuosa.  In  a  similar 
manner  the  "butter-fish"  {EnneacerUrua  ouatalibi)  and  the 
"grouper"  (Epinephelus  fasciatus)  are  influenced  by  the  white 
coral-sand  bottoms  about  the  Bermuda  Islands,  but  though  they 
assume  a  very  pallid  hue,  the  character  of  their  markings  is  quite 
unchanged. —  G.  Bbown  Goode,  University  Museum^  Middletowrij 
Conn. 
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[In  the  Fish  collection  of  the  Peabody  Academy  of  Science 
there  are  examples  of  both  of  the  above  mentioned  albinos.  The 
haddock,  agreeing  with  the  description  given  by  Prof.  Goode,  was 
taken  off  Newburyport  some  years  ago,  and  sent  to  the  Museum 
by  Mr.  Johnson  of  that  place.  The  "white"  eel  was  collected 
under  the  following  peculiar  circumstances:  During  the  severe 
gale  of  Nov.  7,  1865,  in  Mass.  Bay,  a  small  Cydopterus  (lump 
fish)  and  the  eel  were  washed  aboard  the  schooner  "  Hefo,"  Capt! 
Small,  who  found  them  on  his  deck  afler  the  gale  and  brought 
them  to  the  Museum  on  his  arrival  at  Salem  the  next  day. — F. 
W.  P.] 

Chloral  as  a  Preservative. — As  it  is  very  desirable  that  a 
substitute  for  alcohol  be  found  for  the  purpose  of  preserving  spec- 
imens, we  copy  the  following  from  the  New  York  *'Tribune,"  trust- 
ing that  trials  of  the  experiment  will  be  reported. 

The  ''Philadelphia  American  Times"  contains  an  article  by  Dr. 
W.  W,  Keen  upon  the  anatomical,  pathological,  and  surgical  uses  of 
chloral,  in  which  he  recommends  this  substance  very  strongly  for 
the  preservation  of  objects  of  comparative  anatomy  and  natural 
history.  It  is  used  by  injection  into  the  blood  vessels,  or  by  im- 
mersion, and  in  his  opinion  it  is  likely  to  supersede  many  of  the 
preparations  now  in  use.  Its  special  advantage  is  that  the  color 
of  the  object  is  preserved  perfectly,  and  all  the  parts  have  a  nat- 
ural consistency,  while  there  is  nothing  either  poisonous  or  corro- 
sive to  affect  the  general  health  of  the  experimenter  or  to  injure 
instruments. 

For  preserving  a  subject  for  dissection,  half  a  lb.  of  chloral  will 
suffice  at  a  cost  of  a  dollar  or  less.  A  solution  for  preserving 
specimens  of  natural  history  of  ten  or  twelve  grains  to  the  ounce 
of  water  is  quite  sufficient,  is  much  cheaper  than  alcohol,  and  the ' 
bottles  instead  of  being  hermetically  sealed  are  closed  by  glass 
stoppers,  or  even  ordinary  corks.  Dr.  Keen  has  thus  kept  pus 
from  various  substances,  and  diseased  growths  of  various  kinds  of 
other  specimens  for  months,  and  found  no  change  whatever  in  their 
character.  Chloral  is  extremely  antagonistic  to  fungi  and  infuso- 
ria, a  very  weak  solution  of  it  killing  them  instantly. 

The  deodorizing  as  well  as  the  antiseptic  properties  of  chloral 
are  equal  in  Dr.  Keen's  opinion  to  those  of  any  substance  now 
known. 
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EXTRAORDINART     ALTERNATION     OF     GENERATIONS.  —  Leptodcra 

appendiculata  lives  in  Arion  ater  as  larva  (moath  and  vent  closed  ^ 
tail  with  two  long  cuticular  bands).  If  the  snail  is  laid  in  water, 
or  stimulated  forcibly  to  muscular  contractions,  these  small  nema- 
toids  are  expelled  in  great  numbers,  and  rapidly  develop  in  the 
water  or  any  slimy  substance ;  the  bands  are  lost,  mouth,  genital 
orifice  and  vent  become  opened  through  the  casting  off  of  the  en- 
tire cuticle,  generative  elements  are  developed  and  copulation 
takes  place.  The  rapidly  developing  embryos  do  not  attain  the 
size  of  the  parasitic  generation,  want  the  bands,  and  are  in  other 
respects  unlike,  but  adopt  the  characters  of  the  genus  Rhabditis. 
They  do  not  need  an}'  change  of  condition  for  attaining  sexual 
maturity  ;  they  copulate,  produce  a  third  generation,  etc.  In  this 
manner  an  indefinite  series  of  generations  may  follow,  until  the- 
nutritive  substance  is  exhausted,  when  encystation  takes  place. 
The  migration  into  the  snail  and  the  presumed  transformation  into 
the  Leptoderorform  of  these  encysted  Rhabditis  worms,  was  not 
observed.  Between  male  and  female  individuals  of  the  Leptodera- 
and  Rhabditis-generaiion,  no  copulation  will  take  place.  There  is 
some  analogy  (in  spite  of  the  great  difference)  between  this 
extraordinai'y  "alternation  of  generations"  and  that  of  Ascaris 
nigrivenosa  Glaus.  —  Zoological  Record  for  1872. 

A  Tachina  Parasite  of  the  Squash  Bug. — It  appears  that 
the  squash  bug  (Coreus  tristis)  is  frequently  infested  by  a  maggot, 
the  larva  of  a  Tachina  fly,  as  numerous  specimens  have  been  taken 
from  the  bodies  of  the  males  by  Mr.  Knollen,  to  whom  we  are  in- 
debted for  specimens.  The  larvae  are  very  large,  one  specimen 
only  occurring  in  the  body  of  the  Coreus,  which  seems  apparently 
healthy,  and  performs  its  sexual  functions  in  spite  of  the  presence 
of  so  large  a  parasite.  They  are  seldom  found  in  the  Hemiptera, 
though  Pentatoma  has  been  attacked  by  them. 

Double  Monsters. — M.  Dareste,  in  reply  to  the  discussion 
which  his  paper  on  double  or  twin  monsters  (as  given  in  a  former 
number)  had  called  forth,  explains  the  nature  of  the  observations 
on  which  his  deductions  were  based.  It  would  appear  that  after 
submitting  nearly  8,000  hens'  eggs  to  the  process  of  artificial  in- 
cubation, he  obtained  nearly  4,000  anomalies  or  monstrosities,  but 
of  these  onl}'  about  thirty  were  double  embryos  or  twin  monstrosi- 
ties.   A  similar  result  has  been  observed  in  the  case  of  osseous 
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fishes ;  and  Jacobi,  who  was  the  first  to  discover  (in  the  course  of 
the  last  century)  the  mechanism  of  fecundation  among  these  fishes, 
had  noted  the  proportion  of  twin  monsters  in  fishes'  pggs.  His 
observations  and  those  of  LerebouUet  coincide  with  the  result 
obtained  by  M.  Dareste,  that  while  external  conditions  may  often 
determine  the  formation  of  simple  monsters,  they  are  absolutely 
without  effect  in  regard  to  the  evolutions  of  double  monstrosities. 
— Nature. 

Importation  op  useful  Insects. — At  a  recent  meeting  of  the 
London  Entomological  Society,  Mr.  Dunning  stated  that  he  had 
received  a  communication  from  Mr.  Nottidge,  of  New  Zealand, 
asking  if  it  were  possible  to  send  over  humble-bees,  in  order,  by 
means  of  cross  fertilization,  to  procure  seeds  from  clover,  which 
plant  remained  infertile  In  the  colony,  failing  suitable  insect  agency 
to  aid  its  fertilization.  It  was  suggested  that  by  procuring  a  suffi- 
cient number  of  humble-bees  when  in  a  dormant  condition,  and 
keeping  them  in  that  state  (by  means  of  ice)  during  the  voyage, 
the  result  might  be  obtained.  Mr.  McLachlan  mentioned  that  he 
had  received  a  letter  from  Capt.  Hutton,  from  the  same  colony, 
stating  that  indigenous  Aphides  did  not,  apparently,  exist  there, 
but  imported  species  were  becoming  very  destructive,  and  he  asked 
if  it  would  be  possible  to  import  Chrysopa. — Entomologists 
Monthly  Magazine^  Jan.^  1874. 

Nesting  op  the  Prairie  Warbler  in  New  Hampshire. — I  ob- 
tained in  northern  New  Hampshire,  at  the  latitude  of  Mt.  Wash- 
ington (44^*^),  a  nest  of  the  prairie  warbler,  containing  four  eggs, 
which  differ  from  all  other  specimens  that  I  have  ever  seen.  It 
is  also  a  summer  resident  there,  though  Lynn,  Mass.,  in  42^^  lati- 
tude, has  hitherto  been  generally  accepted  as  the  northern  limit 
at  which  this  bird  breeds. — H.  D.  Minot. 

GEOLOGY. 

Elden  Hole,  Derbyshire. — We  copy  the  following  abstract 
from  "Nature"  of  a  paper  read  by  Mr.  R.  Pennington  before  the 
Literary  and  Philosophical  Society  of  Manchester,  Jan.  26,  as  of 
interest  in  its  bearing  upon  the  formation  of  similar  so-called 
bottomless  pits  in  this  country. 

"  Near  the  road  from  Buxton  to  Castleton,  and  about  foui*  miles 
from  the  latter  place,  stands  Elden  Hill,  in  the  side  of  which  is 
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Elden  Hole,  a  perpendicular  chasm  in  the  rock,  and,  like  many 
such  apertures,  reputed  to  be  bottomless.  The  author  describes 
a  descent  into  the  cavern,  made  by  himself  and  others,  on  the  11th 
of  September,  1873.  At  a  distance  of  180  feet  from  the  top  a 
landing-place  was  reached,  although  not  a  very  secure  one,  as  it 
was  inclined  at  an  angle  of  about  45**.  Thence  a  cavern  ran 
downwards  towards  the  south  or  southeast ;  the  floor  was  entirely 
covered  with  loose  fragments  of  limestone,  probably  extending  to 
a  considerable  thickness.  There  was  quite  sufficient  light  at  this 
point  to  enable  one  to  sketch  or  read.  The  party  then  scrambled, 
or  rather  slipped,  into  the  cavern  for  some  few  yards,  during  which 
they  descended  a  considerable  distance :  it  was  of  a  tunnel-like 
shape ;  then  it  suddenly  expanded  into  a  magnificent  hall  about 
one  hundred  feet  across  and  about  seventy  feet  high.  The  floor  of 
this  hall  sloped  like  the  tunnel,  and  like  it  was  covered  with  debris. 
At  the  lower  side  they  were  about  sixty  feet  below  their  landing- 
place,  and  therefore  about  two  hundred  and  forty  fe^t  beneath  the 
surface.  The  entire  roof  and  walls  of  this  cavern  were  covered 
with  splendid  stalagmitic  deposits.  From  the  roof  were  hung  fine 
stalactites,  whilst  the  sides  were  covered  with  almost  every  conceiv- 
able form  of  deposited  carbonate  of  lime.  In  some  places  it  was 
smooth  and  white  as  marble,  in  other  places  like  frosted  silver, 
whilst  the  rougher  portions  of  the  ttock  were  clothed  with  all  sorts 
of  fantastic  shapes  glistening  with  moisture.  From  this  cavern 
no  opening  of  any  length  or  depth  was  found  save  the  one  by 
which  the  party  had  entered  it.  There  can  be  no  doubt,  the  au- 
thor believes,  that  this  chasm  has  been  formed  by  the  chemical  ac- 
tion of  carbonic  acid  in  water,  and  that  it  has  attacked  this 
particular  spot  either  fi-om  the  unusual  softness  of  the  rock  orig- 
inally situated  here,  or  because  there  was  here  a  joint  or  shrinkage 
in  the  strata.  There  is  nothing,  however,  in  the  position  of  Elden 
Hole  to  lead  one  to  suppose  that  any  stream  has  ever  flowed 
through  it ;  no  signs  of  such  a  state  of  things  appear  anywhere 
around.  It  is  not  related  to  any  valley  or  ravine,  or  to  any  run- 
ning water,  and  there  is,  as  observed,  an  absence  of  any  well-de- 
fined exit  for  water  at  the  bottom.  No  mechanical  action  of  a 
flowing  stream  can  therefore  have  assisted  the  process  of  enlarge- 
ment. The  author  thinks  it  must  be  due  to  the  gradual  silent 
solvent  properties  of  rain-water  falling  on  the  surface,  and  escap- 
ing through  Jointings  and  insignificant  channels  in  the  hard  rocks 
below.  Whether  the  excavation  took  place  from  above  or  below 
is  uncertain." 

MIOBOSOOPY. 

Atmospheric  Micrographt. — To  the  already  valuable  contri- 
butions of  Drs.  Cunningham  and  Lewis,  who  were  sent  to  India 
by  the  British  government  to  investigate  as  thoroughly  as  possi- 
ble the  causes  of  cholera  and  other  diseases  prevalent  there,  there 
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is  now  added,  from  Calcutta,  a  memoir  by  Dr.  Cunningham  on 
"Microscopic  Examinations  of  Air,"  which  derives  importance 
not  less  from  the  moderate  and  unprejudiced  tone  of  the  author 
than  from  his  evident  familiarity  with  the  minute  organisms  in- 
volved in  the  investigations.  In  looking  for  some  perceptible 
connection  between  the  prevalence  of  certain  forms  of  disease  and 
the  occurrence  of  any  particular  bodies  in  the  air,  the  dust  accumu- 
lated on  shelves,  etc.,  was  avoided  as  too  liable  to  error,  and  the 
solid  particles  were  collected  directly  from  the  air  by  a  modification 
of  Dr.  Maddox*  apparatus,  a  glass  slip  painted  with  glycerine  be- 
ing arranged  five  feet  above  the  ground  in  such  a  manner  that  the 
painted  surface  should  be  exposed  vertically  to  a  stream  of  air. 
Some  sixty  observations  were  made  between  February  and  Sep- 
tember, 1872,  including  both  dry  and  rainy  seasons ;  and  powers 
of  from  400  to  1,000  were  generally  used.  The  following  synopsis 
of  microscopic  deposits  found  is  condensed  from  Rev.  M.  J.  Berk- 
ley's review  in  the  Quart.  Jour.  Mic.  Science. 

1.  Particles  of  silicious  matter. 

2.  Particles  of  carbonaceous  matter. 

8.   Fragments  of  hair  and  other  animal  substances. 

4.  Fragments  of  cellular  tissue  of  plants. 

5.  Pollen  grains ;  of  several  common  grasses,  and  a  few  of  other 
plants.     No  seeds  positively  recognized. 

6.  Algae,  few  ;  but  besides  '*  those  lower  genera  which  appear 
to  be  the  early  stages  of  lichens"  (!)  there  were  fragments  of 
Oscillatoriae,  DesmidiacesB,  Closterium,  and  possibly  Diatomaceae. 

7.  Sporidia  of  lichens ;  frequent. 

8.  Spores  or  sporidia  of  fungi.  These  are  by  far  the  most 
abundant  bodies ;  which  is  more  remarkable  by  contrast  with 
Ehrenberg's  observations  on  the  dust  of  the  trade  winds.  Many  of 
the  fungoid  organisms  are  easily  referred  to  familiar  genera,  Mac- 
rosporium,  Cladosporium,  Sporidesmium,  Puccinia,  etc.  Much 
the  most  common  are  sporidia  of  Spheriaceae  frequently  in  a  state 
of  germination,  both  in  dry  and  hot  seasons.  True  Torulae  do  not 
appear  to  be  present,  but  the  yeast  fungus,  which  after  proof  that 
it  is  nothing  more  than  a  condition  of  certain  species  of  Penicil- 
lium,  Aspergillus,  and  Mucor,  is  so  often  referred  to  Torula,  or  to 
Algae,  frequently  occurs,  either  in  scattered  particles,  or  branched. 
Probably  several  of  the  bodies  are  spores  of  Myxogastrae,  the 
Amaebae  which  appear  in  certain  specimens  of  pure  rain  water  being 
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very  probably  tiie  mere  development  of  Jlfyirogras^res-spores,  ac- 
cording to  the  well  known  observations  of  Prof.  DeBary.  Some 
spores  of  the  higher  fungi  may  possibly  be  recognized. 

The  air  of  sewers  was  repeatedly  examined,  taking  care  to  ex- 
clude the  external  air  (a  probable  source  of  error  in  some  previous 
investigations),  and  only  spores  of  Aspergillus  and  Penicillium 
were  definitely  recognized,  these  in  half  the  cases  being  accompa- 
nied by  Bacteria.  The  abundance  of  Bacteria,  which  are  seldom 
recognizable  in  common  atmospheric  dust,  accords  with  Cohn's 
observation  on  their  conveyance  by  watery  vapor,  and  suggests 
the  theory  that  they  are  not  absent  or  rare  in  common  atmospheric 
air,  but  only  so  dry  as  to  lose  their  characteristic  appearance. 
They  were  present  in  pure  rain  water ;  and  appeared  abundantly 
when  dry  dust  was  added  to  fluids  capable  of  putrefaction. 

The  author  was  able  to  trace  no  connection  "  between  the  num- 
bers of  bacteria,  spores,  etc.,  present  in  the  air  and  the  occurrence 
of  diarrhoea,  dysentery,  cholera,  ague,  or  dengue,  nor  between  the 
presence  or  abundance  of  any  special  form  or  forms  of  cells  and 
the  prevalence  of  any  of  these  diseases.  Th<  abundance  and  va- 
riety of  fungus-spores  in  such  an  unexpected  position  are  interest- 
ing, especially  as  so  many  of  them  were  in  a  state  of  germination. 
As  they  would  rarely  be  taken  up  by  the  air  in  this  condition,  and 
any  possible  germination  on  the  slide  during  its  twenty-four  hours' 
exposure  would  not  account  for  all  the  cases.  Dr.  Cunningham  is 
inclined  to  believe  that  germination  may  take  place  while  the 
spores  are  being  wafted  through  the  air. 

Respecting  the  presence  of  pollen  in  the  air,  the  editor  of  the 
"Quart.  Journal  of  Microscopical  Science"  gives  the  following  note 
on  Mr.  C.  H.  Blackley's  interesting  studies  on  the  connection  be- 
tween the  pollen  grains  of  grasses  and  hay-asthma.  "  They  were 
commenced  in  April,  and  continued  till  the  end  of  July.  In  oile 
series  the  air  of  a  meadow  at  the  average  breathing  level,  4  feet  9 
inches  from  the  ground,  was  examined.  A  slip  of  glass,  coated 
with  a  thin  layer  of  a  non-drying  liquid,  was  exposed  horizontally. 
The  daily  results  are  tabulated.  The  highest  number  of  pollen 
grains  obtained  on  a  surface  of  a  square  centimeter  in  twenty-four 
hours  was  880  on  June  28.  Sudden  diminutions  in  the  quantity 
of  pollen,  when  these  occurred  in  the  ascending  scale  between  May 
28  and  June  28,  were  invariably  due  to  a  fall  of  rain,  or  to  this 
and  a  fall  in  the  temperature  combined.    The  amount  of  pollen 
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in  the  higher  strata  of  the  atmosphere  was  examined  by  means  of 
a  kite,  which  being  attached  to  other  kites  sometimes  attained  an 
elevation  of  1000  feet.  Pollen  was  found  to  be  much  more  largely 
present  at  the  upper  levels  than  at  the '  breathing  level,'  in  the  pro- 
portion, in  fact,  of  19  to  1.  Abundant  proof  was  obtained  of  the 
presence  of  fungoid  spores  in  large  quantities  in  the  air.  In  one 
experiment  the  spores  of  a  cryptogam,  at  1,000  feet,  were  so  numer- 
ous that  they  could  not  be  counted ;  at  a  rough  estimate  they  could 
not  be  less  than  30-40,000  to  the  square  inch.  That  these  organ- 
ized contents  travel  through  the  air  to  a  considerable  distance 
was  proved  by  a  series  of  experiments  made  in  the  outskiits  of 
Manchester,  but  within  the  boundary  of  one  of  the  most  densely 
populated  parts,  and  in  no  direction  within  less  than  one-third  of 
a  mile  of  grass  land.  The  quantity  of  pollen  was  about  one-tenth 
of  that  collected  in  the  country." 

NOTES. 

The  American  Association  for  the  Advancement  op 
Science. — The  twenty-fourth  meeting  of  the  Association  was 
held  in  Detroit,  Mich.,  beginning  on  Wednesday,  August  11,  and 
ending  on  Tuesday  night  following.  In  attendance,  the  meeting 
was  not  as  large  as  the  one  preceding,  about  170  members  report- 
ing themselves  as  present,  in  place  of  225  the  previous  year ;  96 
new  members  were  elected,  while  last  year  118  elections  were 
made.  The  falling  off  in  attendance  is  unquestionably  due  to  the 
want  of  arrangements  with  the  railroads,  by  which  the  usual  reduc- 
tion in  fares  was  not  ver}'  generally  secured,  and  to  the  late  day 
at  which  the  announcement  relating  to  railroads  was  made.  Per- 
haps in  no  previous  year  has  the  necessity  for  reduction  in  travel- 
ling expenses,  caused  by  the  general  business  depression,  been  so 
greatly  felt  as  in  the  present  one.  As  the  cities  inviting  the  As- 
sociation to  hold  its  meetings  from  year  to  year,  do  so  in  a  most 
cordial  manner,  with  the  anticipation  of  large  meetings,  it  be- 
comes an  important  dut}'  of  the  Local  Committees  that  are  formed 
every  year  to  give  the  matter  of  transportation  early  attention. 
Railroad  companies  carry  on  their  work  by  a  complicated  system 
of  agencies,  and  it  takes  a  long  time  to  obtain  the  consent  and 
issue  of  proper  orders  from  the  right  parties.  The  companies,  as 
a  rule,  are  inclined  to  grant  return  passes  to  members  attending 
the  meetings,  when  the  matter  is  properly  laid  before  them,  and 
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the  way  of  attaining  the  desired  end  is  by  application  of  the  Local 
Committee  several  months  in  advance  of  the  meeting,  so  early  in 
fact,  as  to  allow  the  circular  issued  by  the  Committee  being  re- 
ceived by  members  during  the  month  of  June,  before  the  general 
migration  from  places  of  residence  takes  place. 

Of  the  136  papers  entered,  2  were  read  in  General  Session  in 
fUU,  and  2  by  title,  1  was  given  as  an  evening  lecture,  24  were 
read  in  Section  A;  19  in  the  Sub-section  of  Chemistry;  and  71 
were  read  in  Section  B,  including  those  of  the  Sub-section  of 
Geology,  formed  on  the  last  day  of  the  meeting.  Of  the  remain- 
ing 17  nothing  was  heard,  and  they  were  probably  withdrawn  by 
their  authors  or  failed  to  pass  the  Several  Committees. 

The  general  character  of  the  papers  read  was  certainly  above 
the  average  of  many  previous  meetings,  and  the  various  Commit- 
tees were  well  up  to  their  work.  The  only  drawback  we  noticed, 
being  that  of  the  formation  of  a  Geological  Sub-section  on  the 
last  day,  which  resulted  in  a  number  of  important  papers  being 
hastily  read,  or  passed  over  by  title,  before  a  small  audience.  We 
think  a  great  mistake  is  made  by  the  Sections  not  agreeing  on 
what  Sub-sections  are  necessary  on  the  first  day,  though  not  neces- 
sarily forming  them  until  later  in  the  meeting,  and  thus  enable  the 
Committees  to  so  arrange  the  business  as  to  give  all  the  papers  a 
fair  chance.  This  could  easily  be  done  if  members  would  make 
it  a  rule  to  enter  their  papers  not  later  than  the  first  day  of  the 
meeting.  We  understand  that  the  feeling  in  the  Standing  Com- 
mittee was  very  strong  in  favor  of  giving  precedence,  at  future 
meetings,  to  those  papers  entered  up  to  the  first  day,  and  as  the 
Committee  is  now  composed  of  so  large  a  permanent  body,  the  les- 
sons taught  at  one  meeting  will  not  be  lost  at  the  following.  An 
important  move  was  made  in  forming  a  permanent  Sub-section  of 
Anthropology,  on  the  principal  of  that  of  Chemistry  in  Section  A. 
This  will  greatly  relieve  the  pressure  for  time  next  year  in  Section 
B,  and  will  undoubtedly  be  the  means  of  bringing  a  very  large 
number  of  Archaeologists  and  Ethnologists  to  the  next  meeting. 

The  new  constitution  was  thoroughly  tested  at  the  meeting  and 
the  business  matters  went  on  smoothly  and  saved  much  time  for 
scientific  work.  We  did  not  hear  a  word  of  complaint  among  the 
members  in  regard  to  the  action  of  the  present  rules,  and  every 
one  was  evidently  satisfied  that  under  them  the  Association  would 
move  along  with  the  least  possible  amount  of  Motion.    Several 
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of  the  past  presidents  were  present,  and  their  advice  in  the  Stand- 
ing Committee  was  evidently  of  great  benefit.  As  alluded  to  in 
the  closing  remarks  by  President  Hilgard,  the  several  summer 
schools,  and  government  and  state  surveying  expeditions  and 
special  commissions,  which  are  unusually  numerous  this  year,  pre- 
vented a  number  of  the  formerly  constant  attendants  from  taking 
part  in  the  meeting,  but  as  their  work  in  the  field  shows  what 
is  being  done  to  advance  science,  and  as  the  results  which  they 
attain  will,  in  part,  naturally  be  brought  before  the  next  meeting, 
those  present  at  the  past  meeting  could  not  complain  of  the  ab- 
sence of  many  who  were,  nevertheless,  much  missed. 

The  citizens  of  Detroit  did  all  that  could  be  expected  in  the 
way  of  social  entertainments,  excursions,  and  provision  for  the 
meetings,  though  it  was  evident,  as  is  often  the  case,  where  the 
Association  goes  for  the  first  time,  that  they  did  not,  in  general, 
fully  appreciate  the  importance  of  the  meeting  until  it  had  been 
several  days  in  operation.  This  was  noticeable  in  the  compara- 
tively small  attendance  of  citizens  at  the  several  sessions,  though 
it  is  not  to  be  questioned  that  quite  a  number  were  very  much  in- 
terested, and  the  seeds  sown  during  the  Association  week  will  bear 
fruit  in  encouragement  to  the  few  workers  who  have  so  recently 
established  the  very  promising  and  important  "Scientific  Associa- 
tion of  Detroit,"  and  it  is  certainly  no  small  object  gained  for  the 
advancement  of  science  if  the  meetings  of  the  Association  thus 
tend  to  develop  the  formation  of  local  societies  for  scientific  re- 
search. While  speaking  thus  of  the  citizens  as  a  whole,  it  must 
not  be  supposed  that  the  usual  warm  hearted  welcome  and  appre- 
ciation, so  characteristic  of  the  west,  was  wanting  in  a  number  of 
gentlemen  and  ladies  of  Detroit  who  entered  with  spirit  into  the 
work  and  objects  of  the  meeting.  The  very  cordial  welcome  ex- 
tended by  Mr.  Walker,  on  Wednesday  morning,  in  behalf  of  the 
citizens,  and  the  graceful  remarks  of  Mr.  Wells  at  the  close  of 
the  meeting,  both  illustrated  the  interest  in,  and  respect  for,  the 
objects  which  the  Association  has  in  view. 

The  address  of  the  retiring  President,  Dr.  LeConte,  is  printed 
in  full  in  this  number  of  the  Naturalist,  and  we  propose  to  give 
those  of  the  Vice  Presidents  in  the  next. 

The  results  of  the  donation  by  Mrs.  Thompson  were  presented 
to  the  meeting  in  the  form  of  a  printed  quarto  volume,  containing 
a  Monograph  of  Fossil  Butterflies  by  Mr.  Scudder,  and  was  so 
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well  received  that  the  committee,  who  have  had  the  matter  in 
charge  since  the  donation  was  made  at  the  Portland  meeting,  mast 
have  felt  satisfied  with  the  performance  of  their  duty. 

As  was  naturally  to  be  expected  much  feeling  was  evinced  as  to 
the  next  place  of  meeting,  and  the  invitations  received  from  Nash- 
ville, Philadelphia,  and  Buffalo  were  thoroughly  discussed.  The 
selection  of  Buffalo  we  think  is  most  judicious,  as  all  the  benefits 
of  the  centennial  year  will  be  secured  to  the  Association  without 
the  extra  expense  to  the  members  and  the  reduction  of  Scientific 
work  which  the  selection  of  Philadelphia  would  most  likely  have 
occasioned.  Nashville  was  asked  to  keep  its  invitation  open,  as 
the  feeling  was  very  strong  in  favor  of  an  early  meeting  there  as 
due  the  Southern  members,  though  for  the  next  year  it  was  felt 
that  advantage  should  be  taken  of  the  great  wave  that  would  move 
from  all  parts  of  the  country  towards  Philadelphia,  and  the  meet- 
ing should  therefore  be  located  at  some  convenient  point  to  that 
city.  From  the  former  meeting  at  Buffalo  we  have  every  reason 
to  believe  that  the  citizens  will  be  alive  iA  all  that  is  expected  of 
them  for  the  centennial  year,  and  for  the  quarter  centennial 
(counting  by  meetings)  of  the  Association,  when  the  members 
will  again  assemble  under  the  presidency  of  Prof.  W.  B.  Rogers, 
of  Boston,  who  called  the  Association  to  order  at  its  first  meeting 
in  1848. 

The  other  oflOicers  for  the  next  meeting  are  C.  A.  Young,  of 
Hanover,  Vice  Resident  of  Sec.  A ;  E.  S.  Morse,  of  Salem,  Vice 
President  of  Sec.  B  ;  G.  F.  Barker,  of  Philadelphia,  Chairman  of 
Sub-section  of  Chemistry ;  L.  H.  Morgan,  of  Rochester,  Chairman 
of  Sub-section  of  Anthropology ;  T.  C.  Mendenhall,  of  Columbus, 
General  Secretary;  F.  W.  Putnam,  of  Salem,  Permanent  Sec- 
retary ;  A.  W.  Wright,  of  New  Haven,  Secretary  of  Sec.  A  ;  A. 
H.  Tuttle,  of  Columbus,  Secretary  of  Sec.  B ;  T.  T.  Bouv6,  of 
Boston,  Treasurer.  A  committee  was  •  also  appointed  for  the 
purpose  of  obtaining  the  presence  of  as  many  scientists  as  possi- 
ble at  the  next  meeting,  and  another  committee  was  appointed  to 
bring  the  formation  of  the  Anthropological  Sub-section  before 
those  specially  interested  in  that  department.  In  this  way  it  is 
believed  that  the  Association  will  secure  a  proper  expression  of 
science  for  the  centennial  year;  and  we  understand  that  many 
of  the  citizens  of  Buffalo  are  resolved  to  make  the  meeting  an 
extraordinary  one  in  several  particulars. 
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The  President  and  Fellows  of  Harvard  College  voted,  some 
time  since,  to  accept  the  fund  accumulated  by  the  Agassiz  Memo- 
rial Committee  for  the  use  of  the  Museum  of  Comparative  Zool- 
ogy.   In  announcing  the  acceptance.  President  Eliot  wrote : 

"It  will  be  a  grateful  duty  for  the  President  and  Fellows,  in 
executing  the  trust  which  the  Committee  have  laid  upon  them,  to 
commemorate  the  scientific  attainments,  enthusiasm  and  devotion 
of  Prof.  Agassiz,  while  they  build  up  and  enlarge  the  Museum  of 
Comparative  Zoology  to  the  full  proportions  which  his  prophetic 
zeal  imagined  for  it.  The  continuous  growth  of  the  museum  is 
assured  through  the  successful  labors  of  the  committee." 

BOOKS     RECEIVED. 
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;     A  D  I)  R  E  S  S 

OF 

J.     W.      DAWSON.* 


Of  the  leaders  in  Natural  Science,  the  guides  and  teachers  of 
some  of  us  now  becoming  gray,  who  have  in  the  past  year  been 
stricken  by  death  from  the  roll  of  workers  here,  and  have  en- 
tered into  the  unseen  world,  two  rise  before  me  with  special 
vividness  on  the  present  occasion  : — Lj-ell,  our  greatest  geological 
thinker,  the  classifier  of  the  Tertiary  rocks,  the  summer  up  of  the 
evidence  on  the  antiquity  of  man ;  but  above  all  the  founder  of 
that  school  of  geology  which  explains  the  past  changes  of  our 
globe  by  those  at  present  in  progress ;  and  Logan,  the  careful  and 
acute  stratigraphist,  the  explorer  and  est^iblisher  of  the  Lauren- 
tian  system,  and  the  first  to  announce  the  presence  of  fossil  re- 
mains in  those  most  ancient  rocks.  What  these  men  did  and  what 
dying  they  left  undone,  alike  invite  us  to  the  consideration  of  the 
present  standpoint  of  Geological  science,  the  results  it  has 
achieved  and  the  objects  yet  to  be  attained ;  and  I  propose  ac- 
cordingly to  select  a  small  portion  of  this  vast  field  and  to  offer 
to  you  a  few  thoughts  in  relation  to  it,  rather  desultory  and  sug- 
gestive however,  than  in  any  respect  final.  I  shall  therefore  ask 
your  attention  for  a  short  time  to  the  question  —  "What  do  we 
know  of  the  origin  and  history  of  life  on  our  planet?" 

This  great  question,  confessedly  accompanied  with  many  difl3cul- 

*  Bofore  the  American  Association  for  the  Advancement  of  Sciencet  at  Detroit,  187A. 

Entered,  accordliif;  to  Aet  of  Congress,  In  t^e  year  1876.  !»y  the  Tkabody  Academy  OF 
SciKNCiC,  In  the  Office  of  the  Llbrarlaa  ofCongmaa^  at  Waslilngton. 
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ties  and  still  waiting  for  its  full  solution,  has  points  of  intense 
interest  both  for  the  Geologist -and  the  Biologist.  In  treating  of 
it  here,  it  will  be  well,  however  meagre  the  result,  to  divest  it  of 
merely  speculative  views,  and  to  present  as  far  as  possible  the 
actual  facts  in  our  possession,  and  the  conclusions  to  which  they 
seem  to  point. 

"  If,"  says  that  greatest  of  uniformitarian  geologists,  who  has 
so  recently  passed  away,  ''the  past  duration  of  the  earth  be  finite, 
then  the  aggregate  of  geological  epochs,  however  numerous,  must 
constitute  a  mere  moment  of  the  past,  a  mere  infinitesimal  portion 
of  eternity."  Yet  to  our  limited  vision,  the  origin  of  life  fades 
away  in  the  almost  illimitable  depths  of  past  time,  and  we  are 
ready  to  despair  of  ever  reaching,  by  any  process  of  discovery,  to 
its  first  steps  of  progress.  At  what  time  did  life  begin  ?  In  what 
form  did  dead  matter  first  assume  or  receive  those  m3'sterious 
functions  of  growth,  reproduction  and  sensation?  Only  when  we 
picture  to  ourselves  an  absolutely  lifeless  world,  destitute  of  any 
germ  of  life  or  organization,  can  we  realize  the  magnitude  of  these 
questions,  and  perceive  how  necessary  it  is  to  limit  their  scope  if 
we  would  hope  for  any  satisfactory  answer. 

I  shall  here  dismiss  altogether  that  form  in  which  these  ques- 
tions present  themselves  to  the  biologist,  when  he  experiments  as 
to  the  evolution  of  living  forms  from  dead  liquids  or  solids — an 
unsolved  problem  of  spontaneous  generation  which  might  alone 
occupy  the  whole  time  of  this  Section.  Nor  shall  I  enter  on  the 
vast  field  of  discussion  as  to  modern  animals  and  plants  opened 
up  by  Darwin  and  others.  I  shall  confine  myself  altogether  to 
that  historical  or  pal  aeon  tological  aspect  in  which  life  presents 
itself  when  we  study  the  fossil  remains  entombed  in  the  sediments 
of  the  earth's  crust,  and  which  will  enable  me  at  least  to  show  why 
some  students  of  fossils  hesitate  to  give  in  their  adhesion  to  any 
of  the  current  notions  as  to  the  origin  of  species.  I  may  also 
explain  that  I  shall  avoid,  as  far  as  possible,  the  use  of  the  term 
evolution,  as  this  has  recently  been  employed  in  so  many  senses 
as  to  have  become  nearly  useless  for  any  scientific  purpose,  and  that 
when  I  speak  of  creation  of  species,  the  term  is  to  be  understood 
not  in  the  arbitrary  sense  forced  on  it  by  some  modern  writers, 
but  as  indicating  the  continuous  introduction  of  new  forms  of  life 
under  definite  laws,  but  by  a  power  not  emanating  from  within 
themselves,  nor  from  the  inanimate  nature  surrounding  them. 
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If  we  were  to  follow  the  guidance  of  those  curious  analogies 
which  present  themselves  when  we  consider  the  growth  of  the  in- 
dividual plant  or  animal  from  the  spore  or  the  ovum,  and  the  de- 
velopment of  vegetable  and  animal  life  in  geological  time — analo- 
gies which,  however,  it  must  be  borne  in  mind  can  have  no  scien- 
tific value  whatever,  inasmuch  as  that  similarity  of  conditions  which 
can  alooe  give  force  to  reasoning  from  analogy  in  matters  of  sci- 
ence, is  wholly  wanting — we  should  expect  to  find  in  the  oldest 
rocks  embryonic  forms  alone,  but  of  course  embryonic  forms 
suited  to  exist  and  reproduce  themselves  independently. 

I  need  not  say  to  palaeontologists  that  this  is  not  what  we  actu- 
ally find  in  the  primordial  rocks.  I  need  but  to  remind  them  of 
the  early  and  remarkable  development  of  such  forms  as  the  Trilo- 
bites,  the  Lingulidae  and  the  Pteropods,  all  of  them  highly  com- 
plex and  specialized  types,  and  remote  from  the  embryonic  stages 
of  the  groups  to  which  they  severally  belong.  In  the  case  of  the 
Trilobites,  I  need  but  refer  to  the  beautiful  symmetry  of  their  parts 
both  transversely  and  longitudinally,  their  division  into  distinct 
regions,  the  complexity  of  their  muscular  and  nervous  systems, 
their  highly  complex  visual  organs,  the  superficial  ornamentation 
and  microscopic  structure  of  their  crusts,  their  advanced  position 
among  Crustaceans,  indicated  by  their  strong  afiSnities  with  the 
Isopods.  All  these  characters  give  them  an  aspect  far  from  em- 
bryonic, while,  as  Barrande  has  pointed  out,  this  advanced  po- 
sition of  the  group  has  its  significance  greatly  strengthened  by  the 
fact  that  in  early  primordial  times  we  have  to  deal  not  with  one 
species  but  with  a  vast  and  highly  differentiated  group,  embracing 
forms  of  many  and  varied  subordinate  types.  As  we  shall  see, 
these  and  other  early  animals  may  be  regarded  as  of  generalized 
types  but  not  as  embryonic.  Here  then  meets  us  at  the  outset 
the  fact  that  in  as  far  as  the  great  groups  of  annulose  and  mol- 
luscous animals  are  concerned,  we  can  trace  these  back  no  further 
than  in  a  period  in  which  the}'  appear  already  highly  advanced, 
much  specialized  and  represented  by  many  diverse  forms.  Either 
therefore  these  great  groups  came  in  on  this  high  initial  plane,  or 
we  have  scarcely  reached  half  way  back  in  the  life  histoiy  of  our 
planet. 

We  have  here,  however,  by  this  one  consideration  attained  at 
once  to  two  great  and  dominant  laws  regulating  the  historj'  of 
life.     First,  the  law  of  continuity,  whereby  new  forms  come  in 
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successively,  throughout  geological  time,  though  as  we  shall  see 
with  periods  of  greater  and  less  frequency.  Secondly,  the  law  of 
specialization  of  types,  whereby  generalized  forms  are  succeeded 
by  those  more  special,  and  this  probably  connected  with  the  grow- 
ing specialization  of  the  inorganic  world.  It  is  this  second  law 
which  causes  the  parallelism  between  the  history  of  successive 
species  and  that  of  the  embrj-o. 

But  there  are  great  masses  of  strata  known  as  Lower  Cambrian, 
Iluronian,  Lauren tian,  which  have  made  as  yet  few  revelations  as 
to  the  life  which  may  have  existed  at  the  time  of  their  deposition. 
In  these  rocks  we  know  the  problematical  Aspidella  of  Billings 
ft-om  Newfoundland,  the  worm-burrows  or  Scolithus-like  objects 
which  occur  in  the  Pre-silurian  rocks  of  Madoc,  the  Eozoon  Bava- 
ricum  of  Gumbel,  and  the  Eozoon  Canadense^  firat  made  known 
by  Logan,  in  the  Lauren  tian  of  Canada.  The  first  of  these  names 
represents  a  creature  that  may  have  been  a  mollusk,  allied  to  Pa- 
tilla,  or  some  obscure  form  of  crustacean.  The  cylindrical  holes 
called  worm-burrows,  are  of  course  quite  uncertain  in  their  refer- 
ence. They  may  represent  marine  worms  in  no  respect  different 
from  those  now  swarming  on  our  shores,  or  sponges,  or  corals,  or 
sea- weeds.  In  any  case  they  afford  little  help  in  explaining  the 
teeming  life  of  the  primordial  seas,  and  we  can  only  hope  that  the 
vast  thickness  of  sediments  which  has  afforded  these  few  traces  of 
life  may  prove  more  fertile  in  the  future.  One  slender  beam  of 
light  in  the  darkness  is,  however,  afforded  by  the  Eozoon  Bavor 
ricum  of  Gumbel.  If  truly  a  fossil,  this  creature  is  closely  con- 
nected with  the  still  older  Eozoon  of  the  Lauren  tian.  It  there- 
fore points  backward  to  what  is  to  us  the  dawn  of  life,  but  has  no 
close  link  of  connection  with  the  succeeding  fauna.  On  the  other 
hapd  Aspidella  and  ScolUhtis  may  be  held,  if  obscurely,  to  point 
forward.  Thus  the  Iluronian  and  early  Cambrian  become  a  pe- 
riod of  transition  from  the  Protozoa  of  the  Laurentian  to  the 
higher  marine  life  that  succeeds — a  passage  to  be  more  fully  ex- 
plained perhaps,  and  its  great  gaps  filled  by  future  discoveries ; 
but  which  may,  as  in  some  later  periods,  be  complicated  with  a 
contemporaneous  transition  from  oceanic  to  shallow-water  condi- 
tions in  the  localities  open  to  exploration. 

It  will  be  observed  that  I  take  for  granted  the  animal  nature  of 
Eozoon.  If  we  reject  this,  we  stand  face  to  face  with  the  bare, 
bald  mystery  of  the  abrupt  manifestation  of  the  Primordial  fauna, 
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without  even  so  much  of  prepai-ation  as  may  be  supposed  to  arise 
from  the  previous  appearance  of  Protozoa. 

How  then  stand  the  facts  as  to  the  Proto-foraminifer?  In  an- 
swering this  question,  we  should,  I  think,  endeavor  to  divest 
ourselves  of  certain  prejudices,  and  to  give  due  weight  to  some 
probabilities  and  analogies  which  may  in  one  way  or  another  sway 
our  opinion. 

First,  we  must  be  prepared  to  find  that  those  old  crystalline 
rocks  which  we  call  Laurentian,  have  no  real  affinity  with  intru- 
sive granites  and  other  igneous  masses,  but  are  most  nearly  allied 
to  modern  sedimentary  deposits.  That  the  original  chemical  char- 
acter of  some  of  these  ancient  sediments  may  have  differed  to 
some  extent  from  that  of  more  modern  sediments  I  do  not  doubt. 
Yet  it  is  true  that  the  more  common  of  them,  as  the  gneisses, 
diorites  and  mica-schists,  consist  of  precisely  the  same  elements 
which  now  appear  in  modem  clays  and  sands,  and  that  where  local 
alteration  has  affected  more  modern  rocks,  we  see  these  passing 
by  insensible  gradations  into  similar  metamorphic  beds.  Farther 
when  the  old  crystalline  rocks  are  subjected  to  subaerial  disinte- 
gration, they  resolve  themselves  again  into  the  most  common  sedi- 
mentar}'  materials. 

Another  consideration  here  is  the  unequal  manner  in  which 
sediments  become  altered  according  to  their  composition,  and 
to  the  extent  to  which  they  are  permeable  by  heated  waters 
and  vapors.  For  this  reason,  contiguous  beds  of  rock  will  often 
be  seen  to  differ  very  much  in  the  degree  of  their  alteration. 
Farther,  some  beds,  and  more  especially  limestones,  continue  to 
retain  traces  of  organic  structure  long  after  these  have  perished 
from  neighboring  beds  of  different  chemical  composition.  More 
especially  when,  in  limestone,  the  cavities  and  pores  of  the  fossils 
have  been  penetrated  with  other  mineral  matter,  it  would  appear 
that  nothing  short  of  actual  fusion  will  serve  to  obliterate  them. 
Again,  microscopic  structures  are  often  well  preserved  when  the 
external  forms  have  been  lost,  or  are  completely  inseparable  from 
the  matrix,  and  in  the  present  state  of  microscopical  science  there 
is  little  danger  that  in  such  specimens  any  experienced  microsco- 
pist  will  fail  to  perceive  the  difference  between  organic  and  crys- 
talline structures. 

Having  freed  ourselves  from  misconceptions  of  these  kinds,  we 
may  next  turn  to  certain  presumptions  established  by  the  consti- 
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tution  of  the  Laurentian  rocks,  and  the  minerals  contained  in 
them. 

The  limestones  of  the  Laurentian  system  are  of  great  thickness 
and  of  vast  geographical  extent.  Sir  W.  E.  Logan  has  traced 
and  measured  three  principal  bands  of  these  limestones,  ranging 
in  thickness  from  60  to  1,500  feet,  and  traceable  continuously  in 
one  district  of  Canada  for  more  than  one  hundred  miles,  while 
their  actual  horizontal  area  must  be  enormously  greater  than  this 
distance  would  indicate.  These  limestones  are  also  associated 
with  gneissose  and  schistose  beds,  exactly  in  the  same  way  in 
which  Palaeozoic  limestones  are  associated  with  sandstones  and 
shales ;  and  some  of  them  are  ordinary  limestones,  while  others 
are  more  or  less  dolomitic,  in  which  also  they  resemble  the  palaeo- 
zoic limestones.  Every  geologist  knows  that  the  beds  which  in 
the  succeeding  geological  periods  are  the  representatives  of  these 
Laurentian  limestones,  are  not  only  fossiliferous,  but  largely  com- 
posed of  the  debris  of  oceanic  organisms,  and  that  it  is  to  the 
purer  and  more  crystalline  beds  that  this  statement  most  fully  ap- 
plies. May  we  not  reasonably  infer  that  the  great  Laurentian 
limestones  are  of  similar  origin. 

One  feature  of  these  beds  which  has  sometimes  received  a  very 
different  interpretation,  I  would  here  place  in  this  connection.  It 
is  the  association  of  Hydrous  Silicates,  and  especially  of  Serpen- 
tine and  Loganite,  with  the  limestones,  an  association  not  universal 
but  by  no  means  uncommon  in  the  Laurentian,  and  which  may 
now  be  aflOrmed  to  occur  throughout  the  whole  series  of  marine 
organic  limestones,  up  to  the  chalky  foraminiferal  mud  now  accu- 
mulating in  the  depths  of  the  ocean.  It  is  true  that  the  silicates 
found  in  different  formations  differ  somewhat  in  composition,  but 
Dr.  Sterry  Hunt  has  shown  that  the  Serpentines,  Jollite,  Loganite 
and  the  various  Glauconites  constitute  a  single  series,  whose  mem- 
bers graduate  into  each  other,  and  some  of  the  modern  Glauco- 
nites are  not  essentially  distinct  from  the  most  ancient  Serpentine. 

This  association  is  not  accidental.  It  arises  in  the  first  place 
from  the  facility  afforded  for  the  combination  of  Silica  with  bases, 
arising  from  the  presence  of  organic  matter  in  the  sea-bottom, 
and  secondly  from  the  abundance  of  soluble  Silica  in  the  hard 
parts  of  Diatoms,  Radiolarians  and  Sponges,  while  these  form  the 
chief  food  of  animals  building  their  own  skeletons  of  Carbonate 
of  Lime,  and  consequently  having  no  need  of  Silica.    In  this 
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point  of  view  the  Hydrous  Silicates  may  be  regarded  as  a  sort  of 
coprolitic  matter,  rejected  by  Foraminifera  and  other  humble  ma- 
rine animals  having  calcareous  skeletons.  I  hold,  therefore,  that 
the  association  of  Serpentine  and  Loganite  with  the  Laurentian 
limestones  affords  an  additional  reason  for  regarding  them  as 
organic,  while  it  also  explains  the  favorable  conditions  in  which 
Foraminifera  exist  for  the  permanent  preservation  of  the  struc- 
tures of  their  tests. 

But  again,  there  are  vast  quantities  of  Carbon  in  these  lime- 
stones and  the  associated  beds.  The  quantity  of  carbon  in  some 
large  regions  of  the  Lower  Laurentian  in  Canada,  is,  as  I  have 
elsewhere  shown,  comparable  with  that  in  similar  thicknesses  of 
the  Carboniferous  system.  But  what  geologist  refers  the  carbon 
of  the  Palaeozoic  rocks  to  any  other  than  an  organic  origin.  True 
it  is  that  this  carbon  of  the  Laurentian  is  in  the  state  of  graphite 
and  destitute  of  organic  structure;  but  this  applies  to  similar 
material  in  other  altered  rocks,  for  example,  to  the  graphitic 
shales  of  the  Silurian  of  Eastern  Canada  and  to  the  coal  of  Rhode 
Island. 

Lastly,  ought  we  not  to  attach  some  value  to  that  generalization 
of  Dr.  Sterry  Hunt,  which  affirms  that  the  grand  agent  in  the 
reduction  and  solution  of  the  Peroxide  of  Iron  has  been  organic 
matter.  In  this  case  what  incalculable  quantities  of  perished 
carbonaceous  matter  must  be  represented  by  the  great  beds  of 
Magnetite  in  the  Laurentian. 

If,  then,  it  is  not  unreasonable  to  believe  that  the  Laurentian 
limestones  may  be  of  organic  origin,  the  next  question  that  occurs 
relates  to  the  state  of  preservation  in  which  the  remains  of  such 
supposed  organisms  may  occur.  It  would  be  conceivable  that  the 
process  of  crystalline  rearrangement  of  particles  might  have  pro- 
ceeded so  far  as  entirely  to  obliterate  all  traces  of  organic  form  or 
structure  ;  but  judging  from  other  cases  of  altered  limestones,  this 
would  be  scarcely  likely.  In  such  limestones  it  is  true,  the  fossils 
are  often  so  obscure  as  to  make  little  appearance  on  a  fresh  frac- 
ture of  the  stone,  but  they  may  present  themselves  distinctly  on 
the  weathered  surfaces,  in  consequence  of  some  difference  either 
in  resisting  power  or  hardness,  between  the  fossil  and  the  matrix. 
In  some  cases  also  they  can  readily  be  developed  by  the  action  of 
an  acid,  and  still  more  frequently  their  microscopic  textures  re- 
main when  the  external  forms  are  entirely  concealed.    There  are 
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few  crj'stalline  marl)lea,  once  fossiliferous,  that  do  not  exhibit  in- 
dications of  their  true  nature  in  one  or  other  of  these  ways. 

It  was  precisely  in  the  ways  above  indicated  that  Eozoon  Cana- 
dense  was  first  brought  to  light.  The  casts  of  its  flattened  cham- 
bers filled  with  Serpentine,  Loganite  or  Pyroxene,  project  from  the 
weathered  surfaces  of  the  Laurentian  limestones,  exactly  as  silici- 
fied  Stromatoporee  do  in  the  Silurian.  Such  specimens,  collected 
by  the  explorers  of  the  Canadian  Survey,  first  gave  the  idea  that 
there  were  fossils  in  these  ancient  rocks,  and  the  microscope  soon 
confirmed  the  indications  afforded  by  external  form,  and  demon- 
strated the  place  of  the  organism  in  the  animal  kingdom. 

Into  the  description  of  the  forms  and  structures  of  Eozoon  it 
would  be  out  of  place  to  enter  here.  The  details  of  these  may  be 
found  in  publications  specially  devoted  to  its  description.  I  would 
merely  insist  on  the  entire  conformity  of  the  microscopic  struc- 
tures as  I  have  myself  examined  and  described  them,  and  as  they 
have  been  farther  scrutinized  by  Dr.  Carpenter  and  others  l>est 
fitted  to  judge,  with  those  of  the  calcareous  tests  of  Foraminifera, 
and  especially  of  the  Nummuline  group,  and  on  the  harmony  of 
these  structures  with  what  the  general  considerations  already  re- 
ferred to  would  lead  us  to  expect. 

It  is,  however,  appropriate  to  our  present  subject,  to  inquire  as 
to  the  position  of  Ek)zoon  in  the  scale  of  animal  existence,  and 
its  possible  relations  to  preceding  or  succeeding  types  of  life. 
With  reference  to  these  questions,  it  is  obvious  that  we  can  predi- 
cate nothing  as  to  the  relation  of  our  proto-fpraniinifers  to  the 
vai'ied  life  of  the  Primordial  or  to  any  other  group  of  animals  than 
its  own.  We  do  not  know  that  Eozoon  was  the  only  animal  of  its 
time.  It  may  be  merely  a  creature  characteristic,  like  some  of 
its  successors,  of  certain  habitats  in  the  deep  sea.  Foraminifera 
have  existed  throughout  the  whole  of  geological  time;  but  we 
have  no  positive  evidence  that  any  animal  of  this  class  has  ever 
been  transmuted  into  any  other  kind  of  creature.  These  consid- 
erations oblige  us  to  restrict  our  inquiries  to  the  relation  of 
Eozoon  to  other  forms  of  Foraminiferal  life.  We  may  the  more 
excusably  take  this  ground  since  even  Haeckel,  in  his  gastrula 
theory,  has  so  strenuously  maintained  the  distinctness  of  the  Pro- 
tozoa from  all  higher  forms  of  life.  Viewed  in  this  way,  we  find 
that  the  proto-foraminifer  was  the  greatest  of  all  in  point  of  mag- 
nitude, one  of  the  most  complex  in  regard  to  structure,  compre- 
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hensive  in  type,  as  connecting  the  groups  now  recognized  as  the 
Nummulines  and  the  Rotalines,  and  if  inferior  in  anything  only 
in  less  definiteness  of  habit  of  growth,  a  character  in  which  it  is 
paralleled  by  the  sponges  and  other  groups  of  higher  rank.  Thus 
if  Eozoon  was  really  the  beginning  of  Forarainifers,  this,  like 
other  groups  in  later  tiroes,  appeared  at  first  in  one  of  its  greatest 
and  best  forms,  and  its  geological  histoiy  consists  largely  in  a 
gradual  deposition  from  its  high  place  as  other  and  higher  types 
little  by  little  took  its  place ;  for  degradation  as  well  as  elevation, 
belongs  to  the  plan  of  nature.  Eozoon  here  brings  under  our 
notice  another  phase  of  a  creative  law,  which  is  corroborated  by 
other  forms  of  life  in  the  succeeding  periods.  It  is  this.  New 
types  do  not  usually  appear  in  their  lowest  forms,  but  in  some- 
what high  if  generalized  species.  The  fact  that  Foraminifera,  al- 
lied to  Eozoon,  have  continued  to  exist  ever  since,  introduces  us 
to  still  another,  namely,  that  though  species  and  individuals  die, 
any  large  group  once  introduced  is  very  permanent,  and  may  con- 
tinue to  be  represented  for  the  remainder  of  geological  time. 

But  let  us  leave  for  the  present  the  somewhat  isolated  case  of 
Eozoon,  and  the  few  scattered  forms  of  the  Huronian  and  early 
Cambrian  life,  and  go  on  further  to  the  Primordial  fauna.  This  is 
graphically  presented  to  us  in  the  sections  at  St.  David's  in  South 
Wales,  as  described  by  Hicks.  Here  we  find  a  nucleus  of  ancient 
rocks  supposed  to  be  Laurentian,  though  in  mineral  character 
more  nearly  akin  to  our  Huronian,  but  which  have  hitherto  af- 
forded no  trace  of  fossils.  Resting  unconformably  on  these  is  a 
series  of  partially  altered  rocks,  regarded  as  Lower  Cambrian,  and 
also  destitute  of  organic  remains.  These  have  a  thickness  of  al- 
most 1,000  feet,  and  they  are  succeeded  by  3,000  feet  more  of 
similar  rocks,  still  classed  as  Lower  Cambrian,  but  which  have 
afiTorded  fossils.  The  lowest  bed  which  contains  indications  of 
life  is  a  red  shale,  perhaps  a  deep-sea  bed,  and  possibly  itself -of 
organic  origin,  by  that  strange  process  of  decomposition  or  dis- 
solution of  foraminiferal  ooze,  described  by  Dr.  Wyville  Thomson 
as  occuiTing  in  the  South  Pacific.  The  species  are  two  Lingulellce^ 
a  Disoina  and  a  Leperditia.  Supposing  these  to  be  all,  it  is  re- 
markable that  we  have  no  Protozoa  or  Corals  or  Echinoderms,  and 
that  the  types  of  Brachiopods  and  Crustaceans  are  of  compara- 
tively modern  affinities.  Passing  upward  through  another  1,000 
feet  of  barren  sandstone,  we  reach  a  zone  in  which  no  less  than 
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five  genera  of  Trilobites  are  found,  along  with  Pteropods  and  a 
sponge.  Thus  it  is  that  life  comes  in  at  the  base  of  the  Cambrian 
in  Wales,  and  it  may  be  regarded  as  a  fair  specimen  of  the  facts 
as  they  appear  in  the  earlier  fossiliferous  beds  succeeding  the 
Laurentian.  Taking  the  first  of  these  groups  of  fossils,  we  may 
recognize  in  the  Leperditia  an  ostracod  Crustacean  closely  allied 
to  forms  still  living  in  the  seas  and  fresh  waters.  The  Lingidelke^ 
whether  we  regard  them  as  moUuscoids,  or  with  our  colleague. 
Professor  Morse,  as  singularly  specialized  worms,  represent  a  pe- 
culiar and  distinct  t^'pe,  handed  down,  through  all  the  vicissitudes 
of  the  geological  ages,  to  the  present  day.  Had  the  Primordial 
life  begun  with  species  altogether  inscrutable  and  unexampled  in 
succeeding  ages,  this  would  no  doubt  have  been  mysterious ;  but 
next  to  this  is  the  mystery  of  the  oldest  forms  of  life  being  also 
among  the  newest.  One  great  fact  shines  here  with  the  clearness 
of  noon-day.  Whatever  the  origin  of  these  creatures,  they  repre- 
sent families  which  have  endured  till  now  in  the  struggle  for  ex- 
istence without  either  elevation  or  degradation.  Here  again  we 
may  formulate  another  creative  law.  In  every  great  group  there 
are  some  forms  much  more  capable  of  long  continuance  than  oth- 
ers.    Lingula  among  the  Brachiopods  is  a  marked  instance. 

But  when,  with  Hicks,  we  surmount  the  mass  of  barren  beds 
overl3dng  these  remains,  which  from  its  unfossiliferous  char- 
acter is  probably  a  somewhat  rapid  deposit  of  arctic  mud,  like 
that  which  in  all  geological  time  has.  constituted  the  rough  filling 
of  our  continental  formations,  and  have  suddenly  sprung  upon  us 
five  genera  of  Trilobites,  including  the  fewest-jointed  and  most 
many-jointed,  the  smallest  and  the  largest  of  their  race,  our  as- 
tonishment must  increase,  till  we  recognize  the  fact  that  we  are 
now  in  the  presence  of  another  great  law  of  creation,  which  pro- 
vides that  every  new  type  shall  be  rapidly  extended  to  the  ex- 
treme limits  of  its  power  of  adaptation. 

Before  considering  these  laws,  however,  let  us  in  imagination 
transfer  ourselves  back  to  the  Primordial  age,  and  suppose  that 
we  have  in  our  hands  a  living  Plutonia^  recently^  taken  from  the 
sea,  flapping  vigorously  its  great  tail,  and  full  of  life  and  energy  ; 
an  animal  larger  and  heavier  than  the  modern  king-crab  of  our 
shores,  furnished  with  all  that  complexiiy  of  external  parts  for 
which  the  crustaceans  are  so  remarkable,  no  doubt  with  instincts 
and  feelings  and  modes  of  action  as  pronounced  as  those  of  its 
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modern  allies,  and  if  Woodward's  views  are  correct,  on  a  higher 
plane  of  rank  than  the  king-crab  itself,  inasmuch  as  it  is  a  com- 
posite type  connecting  Limuli  with  Isopods.  We  have  obviously 
here  in  the  appearance  of  this  great  crustacean,  a  repetition  of 
the  facts  which  we  met  with  in  Eozoon  ;  but  how  vast  the  interval 
between  them  in  geological  time,  and  in  zoological  rank.  Stand- 
ing in  the  presence  of  this  testimony,  I  think  it  is  only  right  to 
say  that  we  possess  no  causal  solution  of  the  appearance  of  these 
early  forms  of  life ;  but  in  tracing  them  and  their  successors  up- 
ward through  the  succeeding  ages,  we  may  hope  at  least  to  reach 
some  expressions  of  the  laws  of  their  succession,  in  possession 
of  which  we  may  return  to  attack  the  mystery  of  their  origin. 

First,  it  must  strike  every  observer  that  there  is  a  great  same- 
ness of  plan  throughout  the  whole  history  of  marine  invertebrate 
life.  If  we  turn  over  the  pages  of  an  illustrated  text-book  of 
geology,  or  examine  the  cases  or  drawers  of  a  collection  of  fossils, 
we  shall  fipd  extending  through  every  succeeding  formation,  rep- 
resentative forms  of  crustaceans,  mollusks,  corals,  etc.,  in  such  a 
manner  as  to  indicate  that  in  each  successive  period  there  has 
been  a  reproduction  of  the  same  type  with  modifications ;  and  if 
the  series  is  not  continuous,  this  appears  to  be  due  rather  to 
abrupt  physical  changes ;  since  sometimes  where  two  formations 
pass  into  each  other,  we  find  a  gradual  change  in  the  fossils  by 
the  dropping  out  and  introduction  of  species  one  by  one. '  Thus 
in  the  whole  of  the  great  Paleeozoic  Period,  both  in  its  Fauna  and 
Flora,  we  have  a  continuity  and  similarity  of  a  most  marked 
character. 

It  is  evident  that  there  is  presented  to  us  in  this  similarity  of 
the  forms  of  successive  faunas  and  floras,  a  phenomenon  which 
deserves  very  careful  sifting  as  to  the  question  of  identity  or  di- 
versity of  species.  The  data  for  its  comprehension  must  be  ob- 
tained by  careful  study  of  the  series  of  closely  allied  forms  occur- 
ring in  successive  formations,  and  our  great  and  undisturbed 
Falseozoic  areas  in  America,  as  Nicholson  has  recently  pointed  out, 
seem  to  give  special  facilities  for  this,  which  should  be  worked, 
not  in  the  direction  of  constituting  new  species  for  every  slightly 
divergent  form,  but  in  striving  to  group  these  forms  into  large  spe- 
cific types.  The  RhynchonellaB  of  the  type  of  R,  plena^  the  Orthids 
of  the  type  of  0.  testudinariay  the  Strophomense  of  the  types 
of  S,  altemata  and  S,  rhomboidalia,  the  Atryp®  of  the  type  of  A, 
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reticularis,  furnish  cases  in  point  among  the  Brachiopods.  There 
is  nothing  to  preclude  the  supposition  that  some  of  these  groups 
are  really  specific  types,  with  numerous  race  modifications.  My 
own  provisional  conclusion,  based  on  the  study  of  Palajozoic  plants, 
is  that  the  general  law  will  be  found  to  be  the  existence  of  distinct 
specific  types,  independent  of  each  other,  but  liable  in  geological 
time  to  a  great  many  modifications,  which  have  often  been  re- 
garded as  distinct  species. 

While  this  unity  of  successive  faunae  at  first  sight  presents  an 
appearance  of  hereditary  succession,  it  loses  much  of  this  char- 
acter when  we  consider  the  number  of  new  types  introduced  with- 
out apparent  predecessors,  the  necessity  that  there  should  be  simi- 
larity of  type  in  successive  faunae  on  any  hypothesis  of  a  contin- 
uous plan ;  and  above  all,  the  fact  that  the  recurrence  of  repre- 
sentative species  or  races  in  large  proportion  marks  times  of 
decadence  rather  than  of  expansion  in  the  types  to  which  they 
belong.  To  turn  to  another  period,  this  is  very  manifest  in  that 
singular  resemblance  which  obtains  between  the  modern  mammals 
of  South  America  and  Australia,  and  their  immediate  fossil  prede- 
cessors— the  phenomenon  being  here  manifestly  that  of  decadence 
of  large  and  abundant  species  into  a  few  depauperated  represent- 
atives. This  will  be  found  to  be  a  very  general  law,  elevation 
being  accompanied  by  the  abrupt  appearance  of  new  types  and 
decadence  by  the  apparent  continuation  of  old  species,  or  modifi- 
cations of  them. 

This  resemblance  with  difference  in  successive  faunas  also  con- 
nects itself  very  directly'  with  the  successive  elevations  and  de- 
pressions of  our  continental  plateaus  in  geological  time.  Every 
great  Palaeozoic  limestone,  for  example,  indicates  a  depression 
with  succeeding  elevation.  On  each  elevation  marine  animals 
were  driven  back  into  the  ocean,  and  on  each  depression  swarmed 
in  over  the  land,  reinforced  by  new  species,  either  then  introduced 
or  derived  by  migi*ation  from  other  localities.  In  like  manner  on 
every  depression,  land  plants  and  animals  were  driven  in  upon 
insular  areas,  and  on  reelevation  again  spread  themselves  widely. 
Now  I  think  it  will  be  found  to  be  a  law  here  that  periods  of  ex- 
pansion .  were  eminently  those  of  introduction  of  new  specific 
types,  and  periods  of  contraction  those  of  extinction,  and  also  of 
continuance  of  old  types  under  new  varietal  forms. 

It  must  also  be  borne  in  mind  that  all  the  leading  types  of  in- 
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vertebrate  life  were  early  introduced,  that  change  within  these  was 
necessarily  limited,  and  that  elevation  could  take  place  mainly 
by  the  introduction  of  the  vertebrate  orders.  So  in  plants,  Cryp- 
togams early  attained  their  maximum  as  well  as  Gymnosperms, 
and  elevation  occurred  in  the  introduction  of  Phuenogams,  and 
this  not  piecemeal,  but  as  we  shall  see  in  the  sequel,  in  great  force 
at  once. 

Another  allied  fact  is  the  simultaneous  appearance  of  like  types 
of  life  in  one  and  the  same  geological  period,  over  widely  separ- 
ated regions  of  the  earth's  surface.  This  strikes  us  especially  in 
the  comparatively  simple  and  homogeneous  life-dynasties  of  the 
Palaeozoic,  when  for  example  we  find  the  same  types  of  Silurian 
Graptolites,  Trilobites  and  Brachiopods  appearing  simultaneously 
in  Australia,  America  and  Europe.  Perhaps  in  no  department  is 
it  more  impressive  than  in  the  introduction  in  the  Devonian  and 
Carboniferous  Ages  of  that  grand  cryptogamous  and  gymnosper- 
mous  flora  which  ranges  from  Brazil  to  Spitzbergen,  and  from  Aus- 
tralia to  Scotland,  accompanied  in  all  by  the  same  groups  of  ma- 
rine invertebrates.  Such  facts  may  depend  either  on  that  long 
life  of  specific  types  which  gives  them  ample  time  to  spread  to  all 
possible  habitats,  before  their  extinction,  or  on  some  general  law 
whereby  the  conditions  suitable  to  similar  types  of  life  emerge  at 
one  time  in  all  parts  of  the  world.  Both  causes  may  be  influen- 
tial, as  the  one  does  not  exclude  the  other,  and  there  is  reason  to 
believe  that  both  are  natural  facts.  Should  it  be  ultimately 
proved  that  species  allied  and  representative,  but  distinct  in  origin, 
come  into  being  simultaneously  everywhere,  we  shall  arrive  at  one 
of  the  laws  of  creation,  and  one  probably  connected  with  the 
gradual  change  of  the  physical  conditions  of  the  world. 

Another  general  truth,  obvious  from  the  facts  which  have  been 
already  collected,  is  the  periodicity  of  introduction  of  species. 
They  come  in  by  bursts  or  flood- tides  at  particular  points  of  time, 
while  these  great  life-waves  are  followed  and  preceded  by  times 
of  ebb  in  which  little  that  is  new  is  being  produced.  We  labor  in 
our  investigation  of  this  matter  under  the  disadvantage  that  the 
modern  period  is  evidently  one  of  the  times  of  pause  in  the  crea- 
tive work.  Had  our  time  been  that  of  the  early  Tertiary  or  early 
Mesozoic,  our  views  as  to  the  question  of  origin  of  species  might 
have  been  very  different.  It  is  a  striking  fact,  and  in  illustration 
of  this,  that  since  the  glacial  age  no  new  species  of  mammal  can 
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be  proved  to  have  originated  on  onr  continents,  while  a  great  num- 
ber of  large  and  conspicuous  forms  have  disappeared.  It  is  pos- 
sible that  the  proximate  or  secondary  causes  of  the  ebb  and  flow 
of  life  production  may  be  in  part  at  least  physical,  but  other  and 
more  important  eflScient  causes  may  be  behind  these.  In  any  case 
these  undulations  in  the  history  of  life  are  in  harmony  with  much 
that  we  see  in  other  departments  of  nature. 

It  results  from  the  above  and  the  immediately  preceding  state- 
ment, that  specific  and  generic  types  enter  on  the  stage  in  great 
force  and  gradually  taper  off  toward  extinction.  They  should  so 
appear  in  the  geological  diagrams  made  to  illustrate  the  succession 
of  life.  This  applies  even  to  those  forms  of  life  which  come  in 
with  fewest  species  and  under  the  most  humble  guise.  What  a 
remarkable  swarming,  for  example,  there  must  have  been  of  Mar- 
supial Mammals  in  the  early  Mesozoic,  and  in  the  Coal  formation 
the  only  known  Pulmonates,  four  in  number,  belong  to  as  many 
generic  types. 

I  have  already  referred  to  the  permanence  of  species  in  geolog- 
ical time.  I  may  now  place  this  in  connection  with  the  law  of 
rapid  origination  and  more  or  less  continuous  transmission  of  va- 
rietal forms.  I  may,  perhaps,  best  bring  this  before  you  in  con- 
nection with  a  group  of  species  with  which  I  am  very  familiar, 
that  which  came  into  our  seas  at  the  beginning  of  the  Glacial 
age  and  still  exists.  With  regard  to  their  permanence,  it  can 
be  affirmed  that  the  shells  now  elevated  in  Wales  to  1,200,  and 
in  Canada  to  600  feet  above  the  sea,  and  which  lived  before  the 
last  great  revolution  of  our  continents,  a  period  vastly  remote  as 
compared  with  human  history,  differ  in  no  tittle  from  their  mod- 
ern successors  after  thousands  or  tens  of  thousands  of  genera- 
tions. It  can  also  be  affirmed  that  the  more  variable  species  ap- 
pear under  precisely  the  same  varietal  forms  then  as  now,  though 
these  varieties  have  changed  much  in  their  local  distribution.  The 
real  import  of  these  statements,  which  might  also  be  made  with 
regard  to  other  groups,  well  known  to  palaeontologists,  is  of  so 
great  significance  that  it  can  be  realized  only  after  we  have 
thought  of  the  vast  time  and  numerous  changes  through  which 
these  humble  creatures  have  survived.  I  may  call  in  evidence 
here  a  familiar  New  England  animal,  the  common  sand  clam,  Mya 
arenaria,  and  its  relative  Mya  truncata,  which  now  inhabit  together 
all  the  northern  seas ;  for  the  Pacific  specimens,  from  Japan  and 
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California,  thongh  differentlj'  named,  are  undoubtedly  the  same. 
Mya  truncata  appears  in  Europe  in  the  Coralline  Crag,  and  was 
followed  by  M,  arenaria  in  the  Red  Crag.  Both  shells  occur  in  the 
Pleistocene  of  America,  and  their  several  varietal  forms  had  al- 
ready developed  themselves  in  the  Crag,  and  remain  the  same  to- 
day ;  so  that  these  humble  mollusks,  littoral  in  their  habits,  and 
subjected  to  a  great  variety  of  conditions,  have  continued  perhaps 
for  one  or  two  thousand  centuries  to  constnict  their  shells  pre- 
cisely as  at  present.  Nor  are  there  any  indications  of  a  transition 
between  the  two  species.  I  might  make  similar  statements  with- 
regard  to  the  Astartes,  Buccinums  and  Tellinse  of  the  drift,  and 
could  illustrate  them  by  extensive  series  of  specimens  from  my 
own  collections. 

Another  curious  illustration  is  that  presented  by  the  Tertiary 
and  modern  faunae  of  some  oceanic  islands  far  separated  from  the 
continents.  In  Madeira  and  Porto  Santo,  for  example,  according 
to  Lyell,  we  have  fifty-six  species  of  land  shells  in  the  former,  and 
forty-two  in  the  latter,  only  twelve  being  common  to  the  two, 
though  these  islands  are  only  thirty  miles  apart.  Now  in  the  Pli- 
ocene strata  of  Madeira  and  Porto  Santo  we  find  thirty-six  species 
in  the  former,  and  thirty-five  in  the  latter,  of  which  only  eight  per 
cent,  are  extinct,  and  yet  only  eight  are  common  to  the  two 
islands.  Further  there  seem  to  be  no  transitional  forms  connect- 
ing the  species,  and  of  some  of  them  the  same  varieties  existed  in 
the  Pliocene  as  now.  The  main  difference  in  time  is  the  extinc- 
tion of  some  species  and  the  introduction  of  others  without  known 
connecting  links,  and  the  fact  that  some  species,  plentiful  in  the 
Pliocene,  are  rare  now  and  vice  versa.  All  these  shells  differ  from 
those  of  modern  Europe,  but  some  of  them  are  allied  to  Miocene 
species  of  that  continent.  Here  we  have  a  case  of  continued  ex- 
istence of  the  same  forms,  and  in  circumstances  which  the  more 
we  think  of  them  the  more  do  they  defy  all  our  existing  theories 
as  to  specific  origins." 

Perhaps  some  of  the  most  remarkable  facts  in  connection  with 
the  permanence  of  varietal  forms  of  species,  are  those  furnished 
by  that  magnificent  flora  which  burst  in  all  its  majesty  on  the 
American  continent  in  the  Cretaceous  period,  and  still  survives 
among  us  even  in  some  of  its  specific  types.  I  say  survives ;  for 
we  have  but  a  remnant  of  its  forms  living,  and  comparatively  little 
that  is  new  has  probably  been  added  since.     The  confusion  which 
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obtains  as  to  the  age  of  this  flora,  and  the  discussions  in  which 
Newberr3%  Ileer,  Lcsquerciix  and  recently  Mr.  G.  M.  Dawson,  have 
taken  part,  obviously  arise,  as  the  latter  has  I  think  conclusively 
shown,  from  the  fact  that  this  modern  flora  was  in  its  earlier  times 
contemporary  with  Cretaceous  animals,  and  survived  the  gradual 
change  from  the  animal  life  of  the  Cretaceous  down  to  that  of  the 
Eocene  and  even  of  the  Miocene.  In  a  collection  of  these  plants 
from  what  may  be  termed  beds  of  transition  from  the  Cretaceous 
to  the  Tertiary,  I  find  among  other  modern  species  two  recent 
•ferns  most  curiously  associated.  One  is  the  common  Onodea  sen- 
sibilis^  found  now  very  widely  over  North  America,  and  which  in 
so-called  Miocene  times  lived  in  Europe  also.  The  other  is  Da- 
vallia  tenuifolia  of  Eastern  Asia — a  fern  not  now  even  generically 
represented  in  North  America,  but  still  abundant  on  the  other 
side  of  the  Pacific.  These  little  ferns  are  thus  probably  older 
than  the  Rocky  Mountains  and  the  Himalayas,  and^  reach  back  to 
a  time  when  the  Mesozoic  Dinosaurs  were  becoming  extinct  and 
the  earliest  Placental  mammals^  being  introduced.  Shall  we  say 
that  these  ferns  and  along  with  them  our  two  species  of  American 
Hazel  and  many  other  familiar  plants,  have  propagated  themselves 
unchanged  for  half  a  million  of  years  ? 

Take  from  the  western  Mesozoic  a  contrasting  yet  illustrative 
fact.  In  the  Jurassic  or  Cretaceous  rocks  of  Queen  Charlotte's 
Island,  Mr.  Richardson,  of  the  Canadian  Survey,  finds  Ammonites 
and  allied  cephalopods  similar  in  many  respects  to  those  discov- 
ered further  south  by  your  California  survey,  and  Mr.  Whiteaves 
finds  that  some  of  them  are  apparently  not  distinct  from  species 
described  by  the  Palaeontologists  of  the  Geological  Survey  of 
British  India.  On  both  sides  of  the  Pacific  these  shells  lie  en- 
tombed in  solid  rock,  and  the  Pacific  rolls  between  as  of  yore. 
Yet  these  species,  genera  and  even  families,  are  all  extinct — why, 
no  man  can  tell,  while  land  plants  that  must  have  come  in  while 
the  survivors  of  these  cephalopods  still  livecl,  reach  down  to  the 
present.  How  mysterious  is  all  this,  and  how  strongly  does  it 
show- the  independence  in  some  sense  of  merely  physical  agencies 
on  the  part  of  the  manifestations  of  life. 

Such  facts  as  those  to  which  I  have  referred,  and  many  others 
which  want  of  time  prevents  me  from  noticing,  are  in  one  respect 
eminently  unsatisfactorj*,  for  they  show  us  how  diflScult  must  be 
any  attempts  to  explain  the  origin  and  succession  of  Hfe.     For 
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this  reason  they  are  quietly  put  aside  or  explained  away  in  most 
of  the  current  hypotheses  on  the  subject.  But  we  must  as  men  of 
science  face  these  difficulties,  and  be  content  to  search  for  facts 
and  laws  even  if  they  should  prove  fatal  to  preconceived  views. 

A  group  of  new  laws,  however,  here  breaks  upon  us.  (1)  The 
*  great  vitality  and  rapid  extension  and  variation  of  new  specific 
types.  (2)  The  law  of  spontaneous  decay  and  mortality  of  spe- 
cies in  time.  (3)  The  law  of  periodicity  and  of  simultaneous  ap- 
pearance of  many  allied  forms.  (4)  The  abrupt  entrance  and 
slow  decay  of  groups  of  species.  (5)  The  extremely  long  dura- 
tion of  some  species  in  time.  (6)  The  grand  march  of  new  forms 
landwards,  and  upwards  in  rank.  Such  general  truths  deeply  im- 
press us  at  least  with  the  conclusion  that  we  are  tracing,  not  a 
fortuitous  succession,  but  the  action  of  power  working  by  law. 

I  have  thus  far  said  nothing  of  the  bearing  of  the  prevalent 
ideas  of  descent  with  modification,  on  this  wonderful  procession  of 
life.  None  of  these  of  course  can  be  expected  to  take  us  back  to 
the  origin  of  living  beings ;  but  they  also  fail  to  explain  why  so 
vast  numbers  of  highly  organized  species  struggle  inta  existence 
simultaneously  in  one  age  and  disappear  in  another,  why  no  con- 
tinuous chain  of  succession  in  time  can  be  found  gradually  blend- 
ing species  into  each  other,  and  why  in  the  natural  succession  of 
things,  degradation  under  the  influence  of  external  conditions  and 
final  extinction  seem  to  be  laws  of  organic  existence.  It  is  use- 
less here  to  appeal  to  the  imperfection  of  the  record  or  to  the 
movements  or  migrations  of  species.  The  record  is  now  in  many 
important  parts  too  complete,  and  the  simultaneousness  of  the 
entrance  of  the  faunas  and  floras  too  certainly  established,  and 
moving  species  from  place  to  place  only  evades  the  difficulty.  The 
truth  is  that  such  hypotheses  arc  at  present  premature,  and  that 
we  require  to  have  larger  collections  of  facts.  Independently  of 
this,  however,  it  appears  to  me  that  from  a  philosophical  point  of 
view  it  is  extremely  probable  that  all  theories  of  evolution  as  at 
present  applied  to  life,  are  fundamentally  defective  in  being  too 
partial  in  their  character ;  and  perhaps  I  cannot  better  group  the 
remainder  of  the  facts  to  which  I  wish  to  refer  than  by  using  them 
to  illustrate  this  feature  of  most  of  our  larger  attempts  at  generali- 
zation on  this  subject. 

First,  then,  these  hypotheses  are  too  partial,  in  their  tendency 
to  refer  numerous  and  complex  phenomena  to  one  cause,  or  to  a 
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few  causes  only,  when  all  trustworthy  analogy  would  indicate  that 
they  must  result  from  many  concurrent  forces  and  determinations 
of  force.  We  have  all  no  doubt  read  those  ingenious,  not  to  say 
amusing,  speculations  in  which  some  entomologists  and  botanists 
have  indulged  with  reference  to  the  mutual  relations  of  flowera 
and  haustellate  insects.  Geologically  the  facts  oblige  us  to  begin 
with  Cryptogamous  plants  and  mandibulate*  insects,  and  out  of. 
the  desire  of  insects  for  non-existent  honey,  and  the  adaptatio9S  of 
plants  to  the  requirements  of  non-existent  suctorial  apparatus,  we 
have  to  evolve  the  marvellous  complexity  of  floral  form  and  color- 
ing, and  the  exquisitely  delicate  apparatus  of  the  mouths  of  haus- 
tellate insects.  Now  when  it  is  borne  in  mind  that  this  theory 
implies  a  mental  confusion  on  our  part  precisely  similar  to  that 
which  in  the  department  of  mechanics  actuates  the  seekers  for 
perpetual  motion,  that  we  have  not  the  smallest  tittle  of  evidence 
that  the  changes  required  have  actually  occurred  in  any  one  case, 
and  that  the  thousands  of  other  structures  and  relations  of  the 
plant  and  the  insect  have  to  be  worked  out  by  a  series  of  concur- 
rent evolutions  so  complex  and  absolutely  incalculable  in  the 
aggregate,  that  the  cycles  and  epicycles  of  the  Ptolemaic  astron- 
omy were  child's  play  in  comparison,  we  need  not  wonder  that  the 
common  sense  of  mankind  revolts  against  such  fancies,  and  that 
we  are  accused  of  attempting  to  construct  the  universe  by  meth- 
ods that  would  baffle  Omnipotence  itself,  because  they  are  simply 
absurd.  In  this  aspect  of  them  indeed  such  speculations  are 
necessarily  futile,  because  no  mind  can  grasp  all  the  complexities 
of  even  any  one  case,  and  it  is  useless  to  follow  out  an  imaginary 
line  of  development  which  unexplained  facts  must  contradict  at 
every  step.  This  is  also  no  doubt  the  reason  why  all  recent  at- 
tempts at  constructing  "  Phylogenies  "  are  so  changeable,  and  why 
no  two  experts  can  agree  about  almost  any  of  them. 

A  second  aspect  in  which  such  speculations  are  too  partial,  is  in 
the  unwarranted  use  which  they  make  of  analogy.  It  is  not  un- 
usual to  find  such  analogies  as  that  between  the  embryonic  devel- 
opment of  the  individual  animal  and  the  succession  of  animals  in 
geological  time  placed  on  a  level  with  that  reasoning  from  anal- 
ogy by  which  geologists  apply  modern  causes  to  explain  geological 
formations.  No  claim  could  be  more  unfounded.  When  the  ge- 
ologist studies  ancient  limestones  built  up  of  the  remains  of  corals, 
and  then  applies  the  phenomena  of  modern  coral  reefs  to  explain 
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their  origin,  he  brings  the  latter  to  bear  on^the  former  by  an  anal- 
ogy which  includes  not  merely  the  apparent  results  but  the  causes 
at  work,  and  the  conditions  of  their  action,  and  it  is  on  this  that  the 
validity  of  his  comparison  depends,  in  so  far  as  it  relates  to  simi- 
larity of  mode  of  formation.  But  when  we  compare  the  develop- 
ment of  an  animal  from  an  embryo  cell  with  the  progress  of 
animals  in  time,  though  we  have  a  curious  analogy  as  to  the  steps 
of  the  process,  the  conditions  and  causes  at  work  are  known  to  be 
altogether  dissimilar,  and  therefore  we  have  no  evidence  whatever 
as  to  identity  of  cause,  and  our  reasoning  becomes  at  once  the 
most  transparent  of  fallacies.  Farther  we  have  no  right  here  to 
overlook  the  fact  that  the  conditions  of  the  embryo  are  determined 
by  those  of  a  previous  adult,  and  that  no  sooner  docs  this  hered- 
itary potentiality  produce  a  new  adult  animal,  than  the  terrible 
external  agencies  of  the  physical  world,  in  presence  of  which  all 
life  exists,  begin  to  tell  on  the  organism,  and  after  a  struggle  of 
longer  or  shorter  duration  it  succumbs  to  death  and  its  substance 
returns  into  inorganic  nature,  a  law  from  which  even  the  longer 
life  of  the  species  does  not  seem  to  exempt  it.  All  this  is  so  plain 
and  manifest  that  it  is  extraordinary  that  evolutionists  will  con- 
tinue to  use  such  partial  and  imperfect  arguments.  Another  illus- 
tration may  be  taken  from  that  application  of  the  doctrine  of 
natural  selection  to  explain  the  introduction  of  species  in  geologi- 
cal time,  which  is  so  elaborately  discussed  by  Sir  C.  Lyell  in  the 
last  edition  of  his  "  Principles  of  Geology."  The  great  geologist 
evidently  leantf  strongly  to  the  theory,  and  claims  for  it  the  "  high- 
est degree  of  probability,"  yet  he  perceives  that  there  is  a  serious 
gap  in  it ;  since  no  modern  fact  has  ever  proved  the  origin  of  a 
new  species  by  modification.  Such  a  gap,  if  it  existed  in  those 
grand  analogies  by  which  we  explain  geological  formations  through 
modem  causes,  would  be  admitted  to  be  fatal. 

A  third  illustration  of  the  partial  character  of  these  hypotheses 
may  be  taken  from  the  use  made  of  the  theory  deduced  from 
modern  physical  discoveries,  that  life  must  be  merely  a  product  of 
the  continuous  operation  of  physical  laws.  The  assumption,  for 
it  is  nothing  more,  that  the  phenomena  of  life  are  produced  merely 
by  some  arrangement  of  physical  forces,  even  if  it  be  admitted  to 
be  true,  gives  only  a  partial  explanation  of  the  possible  origin  of 
life.  It  does  not  account  for  the  fact  that  life  as  a  force  or  com- 
bination of  forces  is  set  in  antagonism  to  all  other  forces.     It 
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does  not  account  for  the  marvellous  connection  of  life  with  or- 
ganization. It  does  not  account  for  the  determination  and  ar- 
rangement of  forces  implied  in  life.  A  very  simple  illustration 
may  make  this  plain.  If  the  problem  to  be  solved  were  the  origin 
of  the  mariner's  compass,  one  might  assert  that  it  is  wholly  a 
physical  arrangement  both  as  to  matter  and  force.  Another 
might  assert  that  it  involves  mind  and  intelligence  in  addition. 
In  some  sense  both  would  be  right.  The  properties  of  magnetic 
force  and  of  iron  or  steel  are  purely  physical,  and  it  might  even 
be  within  the  bounds  of  possibility  that  somewhere  in  the  uni- 
verse a  mass  of  natural  loadstone  may  have  been  so  balanced 
as  to  swing  in  harmony  with  the  earth's  mt^netism.  Yet  we 
would  surely  be  regarded  as  very  credulous  if  we  could  be  induced 
to  believe  that  the  mariner's  compass  has  originated  in  that  way. 
This  argument  applies  with  a  thousand  fold  greater  force  to  the 
origin  of  life,  which  involves  even  in  its  simplest  forms  so  many 
more  adjustments  of  force  and  so  much  more  complex  machinery. 
Fourthly,  these  hypotheses  are  partial,  inasmuch  as  they  fail  to 
account  for  the  vastly  varied  and  correlated  interdependencies  of 
natural  things  and  forces,  and  for  the  unity  of  plan  which  per- 
vades the  whole.  These  can  be  explained  only  by  taking  into  the 
account  another  element  from  without.  Even  when  it  professes 
to  admit  the  existence  of  a  God,  the  evolutionist  reasoning  of  our 
day  contents  itself  altogether  with  the  physical  or  visible  universe, 
and  leaves  entirelj'^  out  of  sight  the  power  of  the  unseen  and 
spiritual,  as  if  this  were  something  with  which  science  has  nothing 
to  do,  but  which  belongs  only  to  imagination  or  sentiment.  So 
much  has  this  been  the  case,  that  when  recently  a  few  physicists 
and  naturalists  have  turned  to  this  aspect  of  the  case,  they  have 
seemed  to  be  teaching  new  and  startling  truths,  though  only  re- 
viving some  of  the  oldest  and  most  permanent  ideas  of  our  rkce. 
From  the  dawn  of  human  thought,  it  has  been  the  conclusion  alike 
of  philosophers,  theologians  and  the  common  sense  of  mankind, 
that  the  seen  can  be  explained  only  by  reference  to  the  unseen, 
and  that  any  merely  physical  theory  of  the  world  is  necessarily 
partial.  This,  too,  is  the  position  of  our  sacred  Scriptures,  and 
is  broadly  stated  in  their  opening  verse,  and  indeed  it  lies  alike  at 
the  basis  of  all  true  religion  and  all  sound  philosophy,  for  it  must 
necessarily  be  that  "  the  things  that  are  seen  are  temporal,  the 
things  that  are  unseen^  eternal."     With  reference  to  the  primal 


Digitized  by  VjOOQIC 


VICE  president's  address.  549 

aggregation  of  energy  in  the  visible  universe,  with  reference  to 
the  introduction  of  life,  with  reference  to  the  soul  of  man,  with 
reference  to  the  heavenly  gifts  of  genius  and  prophec}^  with  ref- 
erence to  the  introduction  of  the  Saviour  himself  into  the  world, 
and  with  reference  to  the  spiritual  gifts  and  graces  of  God's  peo- 
ple, all  these  spring  not  fix)m  sporadic  acts  of  intervention,  but 
from  the  continuous  action  of  God  and  the  unseen  world,  and  this 
we  must  never  forget  is  the  true  ideal  of  creation  in  Scripture  and 
in  sound  theology.  Only  in  such  exceptional  and  little  influential 
philosophies  as  that  of  Democritus,  and  in  the  speculations  of  a 
few  men  carried  off  their  balance  by  the  brilliant  physical  discov- 
eries of  our  age,  has  this  necessarily  partial  and  impei-fect  view 
been  adopted.  Never  indeed  was  its  imperfection  more  clear  than 
in  the  light  of  modern  science. 

Geology,  by  tracing  back  all  present  things  to  their  origin,  was 
the  first  science  to  establish  on  a  basis  of  observed  facts  the  ne- 
cessity of  a  beginning  and  end  of  the  world.  But  even  physical 
science  now  teaches  us  that  the  visible  universe  is  a  vast  machine 
for  the  dissipation  of  energy ;  that  the  processes  going  on  in  it 
must  have  had  a  beginning  in  time,  and,  that  all  things  tend^to  a 
final  and  helpless  equilibrium.  This  necessity  implies  an  unseen 
power,  an  invisible  universe,  in  which  the  visible  universe  must 
have  originated  and  to  which  its  energy  is  ever  returning.  The 
hiatus  between  the  seen  and  the  unseen  may  be  bridged  over  by 
the  conceptions  of  atomic  vortices  of  force,  and  by  the  universal 
and  continuous  ether;  but  whether  or  not,  it  has  become  clear 
that  the  conception  of  the  unseen  as  existing  has  become  neces- 
sary to  our  belief  in  the  possible  existence  of  the  phj^sical  universe 
itself,  even  without  taking  life  into  the  account. 

It  is  in  the  domain  of  life,  however,  that  this  necessity  becomes 
most  apparent ;  and  it  is  in  the  plant  that  we  first  clearly  perceive 
a  visible  testimony  to  that  unseen  which  is  the  counterpart  of  the 
seen.  Life  in  the  plant  opposes  the  outward  rush  of  force  in  our 
system,  arrests  a  part  of  it  on  its  way,  fixes  it  as  potential  energy, 
and  thus,  forming  a  mere  eddy,  so  to  speak,  in  the  process  of  dis- 
sipation of  energy,  it  accumulates  that  on  which  animal  life  and 
man  himself  may  subsist,  and  assert  for  a  time  supremacy  over  the 
seen  and  temporal  on  behalf  of  the  unseen  and  eternal.  I  say, 
for  a  time,  because  life  is,  in  the  visible  universe,  as  at  present 
constituted,  but  a  temporary  exception,  introduced  from  that  un- 
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seen  world  where  it  is  no  longer  the  exception  but  the  eternal 
rule.  In  a  still  higher  sense  then  than  that  in  which  matter  and 
force  testify  to  a  Creator,  organization  and  life,  whether  in  the 
plant,  the  animal  or  man,  bear  the  same  testimony,  and  exist  as 
outposts  put  forth  in  the  succession  of  ages  from  that  higher 
heaven  that  surrounds  the  visible  universe.  In  them,  too,  Al- 
mighty power  is  no  doubt  conditioned  or  limited  by  law,  yet  they 
bear  more  distinctly  upon  them  the  impress  of  their  Maker,  and, 
while  all  explanations  of  the  physical  universe  which  refuse  to 
recognize  its  spiritual  and  unseen  origin,  must  necessarily  be  par- 
tial and  in  the  end  incomprehensible,  this  destiny  falls  more 
quickly  and  surely  on  the  attempt  to  account  for  life  and  its  suc- 
cession ou  merely  materialistic  principles. 

Here,  again,  however  I  mu^t  remind  you  that  creation,  as  main- 
tained against  such  materialistic  evolation,  whether  by  theology, 
philosophy  or  Holy  Scripture,  is  necessarily  a  continuous,  nay,  an 
eternal  influence,  not  an  intervention  of  disconnected  acts.  It  is 
the  true  continuity,  which  includes  and  binds  together  all  other 
continuity. 

It  is  here  that  natural  science  meets  with  theology,  not  as  an 
antagonist,  but  as  a  friend  and  ally  in  its  time  of  greatest  need ; 
and  I  must  here  record  my  belief  that  neither  men  of  science  nor 
theologians  have  a  right  to  separate  what  God  in  Holy  Scripture 
has  joined  together,  or  to  build  up  a  wall  between  nature  and  re- 
igion,  and  write  upon  it  "  no  thoroughfare."  The  science  that 
does  this  must  be  impotent  to  explain  nature  and  without  hold  on 
the  higher  sentiments  of  man.  The  theology  that  does  this  must 
sink  into  mere  superstition.  ' 

In  conclusion,  can  we  formulate  a  few  of  the  general  laws,  or 
perhaps  I  had  better  call  them  the  general  conclusions  respecting 
life,  in  which  all  Palaeontologists  may  agree.  Perhaps  it  is  not 
possible  to  do  this  at  present  satisfactorily,  but  the  attempt  may 
do  no  harm.  We  may,  then,  I  think,  make  the  following  affirma- 
tions : — 

1.  The  existence  of  life  and  organization  on  the  earth  is  not 
eternal,  or  even  coeval  with  the  beginning  of  the  physical  universe, 
but  may  possibly  date  from  Laurentian  or  immediately  pre-Lau- 
rentian  times. 

2.  The  introduction  of  new  species  of  animals  and  plants  has 
been  a  continuous  process,  not  necessarily  in  the  sense  of  deriva- 
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tion  of  one  species  from  another,  but  in  the  higher  sense  of  the 
continued  operation  of  the  cause  or  causes  which  introduced  life 
at  first.  This,  as  already  stated,  I  take  to  be  the  true  theological 
or  Scriptural  as  well  as  scientific  idea  of  what  we  ordinarily  and 
somewhat  loosely  term  creation. 

3.  Though  thus  continuous,  the  process  has  not  been  uniform  ; 
but  periods  of  rapid  production  of  species  h^ve  alternated  with 
others  in  which  many  disappeared  and  few  were  introduced.  This 
may  have  been  an  effect  of  physical  cycles  reacting  on  the  pro- 
gress of  life. 

4.  Species  like  individuals  have  greater  energy  and  vitality  in 
their  younger  stages,  and  rapidly  assume  all  their  varietal  forms, 
and  extend  themselves  as  widely  as  external  circumstances  will 
permit.  Like  individuals  also,  they  have  their  periods  of  old  age 
and  decay,  though  the  life  of  some  species  has  been  of  enormous 
duration  in  comparison  with  that  of  others ;  the  difference  appear- 
ing to  be  connected  with  degrees  of  adaptation  to  different  condi- 
tions of  life. 

5.  Many  allied  species,  constituting  groups  of  animals  and 
plants,  have  made  their  appearance  at  once  in  various  parts  of  the 
earth,  and  these  groups  have  obeyed  the  same  laws  with  the  indi- 
vidual and  the  species  in  culminating  rapidly,  and  then  slowly 
diminishing,  though  a  large  group  once  introduced  has  rai^ely  dis- 
appeared altogether. 

6.  Groups  of  species,  as  genera  and  orders,  do  not  usually  begin 
with  their  highest  or  lowest  forms,  but  with  intermediate  and  gen- 
eralized types,  and  they  show  a  capacity  for  both  elevation  and 
degradation  in  their  subsequent  history. 

7.  The  history  of  life  presents  a  progress  from  the  lower  to  the 
higher,  and  from  the  simpler  to  the  more  complex,  and  from  the 
more  generalized  to  the  more  specialized.  In  this  progress  new 
types  are  introduced  and  take  the  place  of  the  older  ones,  which 
sink  to  a  relatively  subordinate  place  and  become  thus  degraded. 
But  the  physical  and  organic  changes  have  been  so  correlated  and 
adjusted  that  life  has  not  only  alwaj's  maintained  its  existence, 
but  has  been  enabled  to  assume  more  complex  forms,  and  that 
older  forms  have  been  made  to  prepare  the  way  for  newer,  so  that 
there  has  been  on  the  whole  a  steady  elevation  culminating  in 
man  himself.  Elevation  and  specialization  have,  however,  been 
secured  at  the  expense  of  vital  energy  and  range  of  adaptation, 
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ufttil  the  new  element  of  a  rational  and  inventive  nature  was  in- 
troduced in  the  case  of  man. 

9.  In  regard  to  the  larger  and  more  distinct  types,  we  cannot 
find  evidence  that  they  have,  in  their  inti*oduction,  been  preceded 
by  similar  forms  connecting  them  with  previous  groups ;  but  there 
is  reason  to  believe  that  many  supposed  representative  species  in 
successive  formations  are  really  only  races  or  varieties. 

10.  In  so  far  as  we  can  trace  their  history,  specific  types  are 
permanent  in  their  characters  from  their  introduction  to  their  ex- 
tinction, and  their  earlier  varietal  forms  are  similar  to  their  later 
ones. 

11.  Palaeontology  furnishes  no  direct  evidence,  perhaps  never 
can  furnish  any,  as  to  the  actual  transformation  of  one  species 
into  another,  or  as  to  the  actual  circumstances  of  creation  of  a 
species,  but  the  drifl  of  its  testimony  is  to  show  that  species  come 
in  per  saltumj  rather  than  by  any  slow  and  gradual  process. 

12.  The  origin  and  history  of  life  cannot,  any  more  than  the 
origin  and  determination  of  matter  and  force,  be  explained  on 
purely  material  grounds,  but  involve  the  consideration  of  power 
referable  to  the  unseen  and  spiritual  world. 

Different  minds  may  state  these  principles  in  different  ways,  but 
I  believe  that  in  so  far  as  paleontology  is  concerned,  in  substance 
they  must  hold  good,  at  least  as  steps  to  higher  truths.  And  now 
allow  me  to  say  that  we  should  be  thankful  that  it  is  given  to  us 
to  deal  with  so  great  questions,  and  that  in  doing  so,  deep  humil- 
ity, earnest  seeking  for  truth,  patient  collection  of  all  facts,  self- 
denying  abstinence  from  hasty  generalizations,  forbearance  and 
generous  estimation  with  regard  to  our  fellow-laborers,  and  reli- 
ance on  that  divine  Spirit  which  has  breathed  into  us  our  intelli- 
gent life,  and  is  the  source  of  all  true  wisdom,  are  the  qualities 
which  best  become  us.  While  thanking  3'ou  for  the  honor  whicb 
you  have  done  me  in  inviting  me  to  deliver  this  address,  and  in 
conveying  to  you  the  kindly  regards  and  good  wishes  of  all  your 
fellow-workers  in  the  Canadian  Dominion,  allow  me  to  express  the 
fervent  hope  that  we  all  may  be  one  in  our  patient  and  earnest 
search  for  the  truth. 
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VIII.    THE  TUNICATA. 

Like  the  Polyzoa  and  Bracliiopods,  the  Ascidians  may  be  said 
to  be  worms  in  disguise.  The  singular  test  easily  confounded 
with  the  mantle  of  mollusks,  the  excurrent  and  incurrent  orifices 
like  those  of  the  clam,  led  naturalists  to  regard  them  as  low  shell- 
less  mollusks,  but  the  structure  of  more  important  organs,  and 
the  mode  of  development  of  these  animals,  so  unlike  that  of  mol- 
lusks, has  led  some  of  our  leading  naturalists  to  decide  that  they 
should  be  placed  among  the  worms. 

One  of  the  most  important  characters  indicating  the  true  affini- 
ties of  the  ascidians,  is  the  pharynx,  a  sieve-like  prolongation  of 
the  digestive  canal,  resembling  that  of  Balanoglossus.  The  ner- 
vous system,  like  that  of  many  low  worms  consists  of  a  single 
ganglion,  and  not  a  chain  of  them  surrounding  the  oesophagus  as 
in  the  mollusks.  In  the  tad-pole  like  Appendicularia,  which  re- 
sembles the  larval  ascidians,  there  is  a  chain  of  caudal  ganglia 
from  ten  to  eighteen  in  number,  united  by  means  of  a  nerve  sent 
out  from  the  ganglion  in  the  head.  Moreover  the  heart  is  a  sim- 
ple tube  like  that  of  some  articulates.  Besides  the  vermian  char- 
acters there  are  some  remarkable  larval  organs  which  suggest  an 
affinity  with  Amphioxus  and  the  lower  vertebrates.  It  would  thus 
seem  that  except  in  the  more  secondary  external,  superficial  char- 
acters there  is  no  good  reason  for  the  prevalent  rig.216. 
opinion  that  ascidians  are  mollusks. 

At  first  sight  the  typical  ascidians  look  like  any- 
thing but  worms.     Fig.  216  (from  VerrilFs  Report) 
represents  Molgula  Manhatteyms  of  the  natural 
size.    It  looks  like  a  double-necked  bottle  when 
the  two  orifices  are  thrust  out.    The  viscera  are 
enclosed  by  a  thick  test  or  tunic,  whence  the  name 
of  the  class,    Tunicata.     This  test  is  rendered  ^      Moiguia. 
tough  and  dense  by  the  presence  of  cellulose,  a  substance  secreted 
usually  by  vegetable  cells,  and  very  rarely  found  in  animals. 
There  are  two  orifices,  the  most  anterior  corresponding  to  the 
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mouth,  and  the  posterior  leading  into  the  anus.  The  alimentary 
canal  is  much  bent  on  itself.  The  opening  of  the  pharynx  is  sur- 
rounded by  a  fringe  of  tentacles,  arising  from  the  peritoneum  or 
lining  membrane  next  to  the  outer  test.  The  capacious  pharynx 
is  perforated  with  slits,  and  serves  as  a  respiratory  cavity  compar- 
able with  that  of  the  worm,  Balanoglossus.  At  the  bottom  of  this 
respiratory  sac  opens  the  true  mouth,  which  communicates  by  an 
oesophagus  with  the  stomach,  while  the  intestine  is  twisted  so  that 
the  anus  opens  near  but  posterior  to  the  mouth.  There  is  a  ner- 
vous ganglion  on  the  dorsal  side  of  the  body  situated  at  a  point 
between  the  two  external  orifices,  sending  threads  to  the  two 
openings  in  the  test  and  the  pharynx.  The  heart  is  a  shoi*t  tube 
open  at  both  ends.  Its  action  may  be  beautifully  seen  in  the 
transparent  Perophora  of  our  coast.  The  current  of  blood  is 
momentarily  reversed,  so  that  each  end  becomes,  as  Huxley  re- 
marks, "  alternately  arterial  and  venous." 

Such  in  general  terms  is  the  structure  of  a  typical  simple 
ascidian  as  well  as  the  compound  ascidians,  and  the  Pyrosoma 
and  Salpa.  The  aberrant  Appendicularia  is,  as  has  been  observed, 
provided  with  a  tail,  and  resembles  the  tailed  young  of  the  higher 
ascidians. 

The  ascidians  are,  for  the  most  part,  hermaphrodites,  the  ovary 
and  testis  being  lodged  in  the  same  individual. 

Development.  While  Milne-Edwards  discovered  that  the  larvsB 
of  certain  ascidians  were  tad-pole  like,  Kowalevsky,  in  1866, 
studied  the  development  of  the  ascidians  and  threw  a  flood  of 
light  on  their  history.  The  following  account  is  an  abstract  of 
his  classic  memoir.  The  early  stages  of  most  ascidians  is  typified 
by  the  mode  of  growth  of  PhaUusia  mamillcUa  Cuv.,  while  the 
mode  of  growth  from  the  free  swimming  larval  period  to  the  adult 
was  traced  in  Ascidia  inteatinalis,  Kowalevsky*s  discoveries  were 
confirmed  by  Kupffer  and  others,  while  exceptional  modes  of  de- 
velopment were  pointed  out  by  Lacaze-Duthiers  and  also  Kupfler, 
who  found  that  the  larvae  of  Molgula  have  no  tail. 

While  some  ascidians,  such  as  Perophora,  increase  by  budding, 
creeping  by  stolons  along  the  fronds  of  sea-weeds,  the  common 
method  of  reproduction  is  by  eggs  and  sperm  cells.  The  eggs  of 
Phallusia  and  the  ascidians  consist  of  a  yolk,  not  protected  by  a 
yolk-skin,  but  surrounded  by  a  layer  of  jelly  containing  yellow 
cells. 
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After  fertilization  by  the  sperm  cells,  which  enter  the  substance 
of  the  egg  tail  foremost,  the  yolk  undergoes  total  segmentation. 
The  next  step  is  the  invagination  of  the  ectoderm,  a  true  Gastmla 
state  resulting.  Fig.  217,  A  (after  Kowalevsky),  represents  the 
Gastrula ;  A,  the  primitive  digestive  cavity ;  a,  the  primitive  open- 
ing, which  soon  closes  ;  and  c,  the  segmentation-cavity  or  primitive 
body-cavity.  After  this  primitive  opening  (a)  is  lost  to  view, 
sometime  before  the  embryo  has  reached  the  stage  B,  another 
cavity  (n)   appears  with   an  external  opening.     This  cavity  is 

rig.  217.  f 


Embryo  Ascldlan. 

formed  by  a  union  of  two  ridges  which  gi'ow  out  from  the  upper 
part  •f  the  germ.  This  is  the  central  nervous  system,  and  in  the 
cavity  are  subsequently  developed  the  sense-organs.  We  thus 
see,  says  Kowalevsky,  a  complete  analogy  in  the  mode  of  origin 
of  the  nervous  system  of  the  ascidians  to  that  of  the  vertebrates, 
the  nervous  cavity,  where  the  embryo  is  seen  in  section,  being 
situated  above  the  digestive  cavity  in  both  t3'pes  of  animals. 

The  next  important  stage  is  the  formation  of  the  tail.  The  pear- 
shaped  germ  elongates  and  contracts  posteriorly  until  of  the  form  in- 
dicated at  Fig.  217,  B  («',  pharynx ;  f,  epithelium  forming  the  body- 
wall).  At  this  period  appears  the  axial  string  of  nucleated  cells, 
called  the  chorda  dorsalis^  as  it  is  homologous  with  that  organ  in 
Amphioxus  and  the  embryo  of  higher  vertebrates.  The  nervous 
system  consists  of  a  mass  of  cells  extending  halfway  into  the 
tail  and  directly  overlying  the  chorda^  but  extending  far  beyond 
the  end  of  the  latter  as  seen  in  the  figure.  The  nerve-cavity  (B,  n) 
after  closing  up  forms  the  nerve-vesicle,  a  large  cavity  (Fig.  218,  a) 
in  which  the  supposed  auditory  organ  (e)  and  the  supposed  eye  (a) 
arise ;  this  cavity  finally  closes,  and  the  sense-organs  are  indicated 
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by  the  small  masses  of  pigment  cells  in  the  fully  grown  ascidian 

larva. 

As  the  embryo  matures,  the  first  change  observed  in  the  cord  is 

the  appearance  of  small,  highly  refractive  bodies  between  the  cells. 

Between  the  neighboring  cells  soon  appear  in  the  middle  minute 

highly  refractive  corpuscles  which  increase  in  size,  and  press  the 
Fig.  218.  cell-contents  out  of  the  middle  of 

^  the  cord.    After  each  reproduc- 

tive corpuscle  grows  so  that  the 
central  substance  of  the  cell  is 
forced  out,  it  unites  with  the  oth- 
ers, and  then  arises  in  the  mid- 
dle of  the  simple  cellular  cord  a 
string  of  bodies  of  a  firm  gelati- 
nous substance  which  forms  the 
support  of  the  tail.  After  this  co- 
alescence the  substance  develops 
farther  and  presses  out  the  pro- 
toplasm of  the  cells  entirely  to 
j  the  periphery.  The  coixi  when 
complete  consists  of  a  firm  ge- 
latinous substance  surrounded 
by  a  cellular  sheath  whif^h  is 
formed  of  the  remains  of  the 
cells  originally  comprising  the 
rudimentary  cord.  The  cells  ly- 
ing under  the  epithelial  layer 
form  a  muscular  sheath  of  which 
the  cord  (Fig.  218,  c)  is  the  sup- 
port or  skeleton. 

The  alimentary  cavity  arises 
from  the  primitive  cavity  (Fig. 
217,  A,  A)  ;  whether  the  primitive 
opening  (Fig.  217,  A,  a)  is  closed 

Larval  Aecidian.  i.     t"         i        i_ 

or  not,  Kowalevsky  says  is  an 
interesting  question.  According  to  analogy  with  many  other  ani- 
mals it  probably  closes.  In  Sagitta,  Amphioxus,  Phoronix,  Lim- 
naeus,  Echinus  and  others,  we  know  that  the  opening  which  remains 
after  thq  first  invagination  becomes  the  anus. 
The  laiTa  hatches  in  from  forty-eight  to  sixty  hours  after  the 
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beginning  of  segmentation,  and  is  then  of  the  form  indicated  by 
Fig.  218  (copied  with  some  additions  and  omissions  from  Kupffer's 
figure,  being  partly  diagrammatic).  This  anatomist  discovered 
in  the  larva  of  Ascidia  canina,  which  is  more  transparent  than 
Kowalevsky's  Phallusia  larva,  not  only  a  central  nervous  cord 
overlying  the  chorda  dorsalis  and  extending  well  into  the  tail, 
while  in  the  body  of  the  larva  it  becomes  broader,  club-shaped 
and  surrounds  the  stensitive  cavity  (a),  but  he  also  detected  three 
pairs  of  spinal  nerves  («)  arising  at  regular  intervals  from  the 
spinal  cord  (^,  h')  and  distributed  to  the  muscles  (not  represented 
in  the  figure)  of  the  tail;  Kupffer  calls  /  the  middle  and  g  the 
lower  brain-ganglion.  The  pharjnx  (&),  or  respiratory  sac,  is  now 
very  large ;  it  opens  posteriorly  into  the  stomach  and  intestine  {i)  ; 
X  represents  one  of  the  three  appendages  by  which  the  larva 
fastens  itself  to  some  object  when  about  to  change  into  the  adult, 
sessile  condition;  t  indicates  the  body-wall  consisting  of  epi- 
thelial cells. 

We  will  now,  from  the  facts  afforded  us  by  Kowalevsky,  trace 
the  changes  from  the  larval,  free-swimming  state  to  the  sessile 
adult  Ascidia,  which  may  be  observed  on  the  New  England  coast 
in  August.  After  the  larva  fastens  itself  by  the  three  processes 
to  some  object,  the  chorda  dorsalis  breaks  and  bends,  the  cells 
forming  the  sheath  surrounding  the  broken  axial  cord.  The  mus- 
cular fibres  degenerate  into  round  cells  and  fill  the  space  between 
the  chorda  and  the  tegument,  the  jelly-like  substance  forming  a 
series  of  wrinkles.  With  the  contraction-  and  disappearance  of 
the  tail  begins  that  of  the  nerve-vesicle,  and  soon  no  cavity  is 
left.  The  three  processes  disappear ;  the  pharynx  becomes  quad- 
rangular ;  and  the  stomach  and  intestine  are  developed,  being  bent 
under  the  intestine.  A  heap  of  cells  arises  on  the  anterior  end  be- 
neath the  digestive  tract,  from  which  originate  the  heart  and  peri- 
cardium. In  a  more  advanced  stage' two  gill-holes  appear  in  the 
pharynx,  and  subsequently  two  more  slits,  and  at  about  this  time 
the  ovary  and  testis  appear  at  the  bottom,  beyond  the  bend  of  the 
alimentary  canal.  The  free  cells  in  the  body-cavity  are  trans- 
formed into  blood  cells,  and  indeed  the  greater  part  of  those  which 
composed  the  nervous  system' of  the  larva  are  transformed  into 
blood  corpuscles.  Of  the  embryonal  nervous  system  there  re- 
mains a  very  small  ganglion,  no  new  one  being  formed.    The 
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adult  ascidian  form  meanwhile  has  been  attained  and  the  very 
small  individuals  differ  for  the  most  part  only  in  size  from  those 
which  are  full-sized  and  mature. 

It  will  be  seen  that  some  highly  important  features,  recalling 
vertebrate  characteristics,  have  occurred  at  different  periods  in  the 
life  of  the  embryo  ascidian.  Kowalevsky  remarks  that  "the 
first  indication  of  the.  germ,  the  direct  passage  of  the  segmenta- 
tion cells  into  the  cells  of  the  embr^'o,  the  formation  of  the  seg- 
mentation cavity,  the  conversion  of  this  cavity  into  the  body 
cavity,  and  the  formation  of  the  digestive  cavity  through  invag- 
ination—  these  are  all  occuiTcnces  which  are  common  to  many 
animals  and  have  been  observed  in  Amphioxus,  Sagitta,  Phoronis, 
Echinus,  etc.  The  first  point  of  difference  from  other  animals  in 
the  development  of  all  vertebrates  is  seen  in  the  formation  of  the 
dorsal  ridges  and  their  closing  to  form  a  nerve-canal.  This  mode 
of  formation  of  the  nervous  system  is  characteristic  of  the  verte- 
brates alone,  except  the  Ascidians.  Another  primary  character 
allying  the  Ascidians  to  the  vertebrates,  is  the  presence  of  a 
diorda  dorsalis^  first  seen  in  the  adult  Appendicularia  by  J. 
Miiller.  This  organ  is  regarded  by  Kowalevsky  to  be  functionally, 
US  well  as  genetically,  identical  with  that  of  Amphioxus.  This 
was  a  startling  conclusion,  and  stimulated  Professor  Kupffer  of 
Kiel  to  study  the  embryology  of  the  ascidians  anew.  He  did  so,  and 
the  results  this  careful  observer  obtained,  led  him  to  fully  endorse 
the  conclusions  reached  by  Kowalevsky,  particularly  those  regard- 
ing the  unexpected  relations  of  the  ascidians  to  the  vertebrates, 
and  it  would  appear  from  the  facts  set  forth  by  these  eminent  ob- 
servers, as  well  as  Metschnikoff,  Ganin,  Ussow  and  others,  that  the 
vertebrates  have  probably  descended  from  some  type  of  worm  re- 
sembling larval  ascidians  more  perhaps  than  any  other  vermion 
type,  though  it  is  to  be  remembered  that  cerj;ain  tailed  larval  Dis- 
tomae  appear  to  possess  an  organ  resembling  a  chorda  dorsalis^ 
and  farther  investigation  on  other  types  of  worms  may  lead  to 
discoveries  throwing  more  light  on  this  intricate  i^bject  of  the 
ancestry  of  the  vertebrates.  At  any  rate,  it  is  among  the  lower 
worms,  if  anywhere,  that  we  are  to  look  for  the  ancestors  of 
the  vertebrates,  as  the  Coelenterates,  Echinoderms,  the  Mollusks, 
Crustacea  and  Insects,  are  too  circumscribed  and  specialized 
groups  to  afford  any  but  characters  of  analogy  rather  than  afi^nity. 
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For  example,  the  cuttle  fish,  with  its  "bone"  and  highly  devel- 
oped eye,  is  far  more  remote  from  the  lowest  fish,  Amphioxus,  than 
the  Appendicularia  or  larval  Ascidia. 

Not  all  Ascidians  have  tailed  larvae ;  three  species  of  Molgula 
have  been  found  to  have  no  tailed  young  and  to  attain  maturity 
by  direct  growth.  The  young  have  five  temporary-,  long,  slender 
processes.  Now  a3  in  other  types  of  animals,  as  we  have  already 
seen,  some  forms  have  a  metamorphosis  and  others  attain  the 
adult  condition  by  direct  growth.  Professor  Kupffer  tells  us  that 
in  Ascidia  ampulloides^  as  observed  by  Van  Beneden,  the  young 
has  a  tail,  a  chorda  dorsalis  and  pigment  spots,  which  are  want- 
ing in  the  young  of  several  species  of  Molgula,  but  it  has  the 
five    long,    deciduous    appendages    ob-  Pig.219. 

served  in  j'oung  Molgulee.  Among  the 
compound  Ascidians,  Botryllus  and  Bo- 
try  lloides  have  tailed  young,  while  in 
other  forms  there  is  no  metamorphosis. 

Besides  the  normal  mode  of  reproduc- 
tion, from  eggs,  it  was  discovered  by 
Chamisso,  in  1819,  that  the  singular 
Salpa  reproduced  by  budding;  that  in 
other  words  there  was  an  alternation  of 
generations,  there  being  a  sexual,  soli- 
tary individual  which  gives  rise  by  bud- 
ding to  chains,  or  aggregations  of  simple 
individuals,  wjiich  reproduce  by  eggs. 
The  startling  announcement  of  the  poet- 
naturalist,  "  that  a  Salpa  mother  is  not 
like  its  daughter  or  its  own  mother,  but  *^  CabotaDeu. 

resembles  its  sister,  its  granddaughter  and  its  grandmother,"  was 
combated  at  first,  but  stated  to  be  true  by  Sars,  Krohn  and 
others. 

Our  Salpa  Cabotii  ^  can  be  found  in  great  numbers  floating  on 
the  surface  of  the  ocean  on  the  southern  coast  of  New  England, 
and  any  one  can  study  the  solitary  and  social,  or  aggregated  in- 
dividuals, and  satisfy  himself  of  the  truth  of  Chamisso's  discovery. 

1  Fig.  219.  An  Individual  from  a  mature  chain,  tbree^uarters  view  enlarged ;  a  pos- 
terior or  anal  opening;  6,  anterior  or  branchial  opening;  0,  processes  by  which  the 
individuals  of  the  cliain  were  united;  A,  heart;  n,  nervous  ganglion;  o,  nucleus;  r, 
gill.    After  A.  Agassiz,  Arom  Verrill*s  Report. 
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The  Tunicates  undergo,  then,  the  following  changes : 

1 .  Morula  state,  or  total  segmentation  of  the  yolk. 

2.  Gastrula. 

8.  Free-swimming  tailed  larva  (or  as  in  Molgula,  no  metamor- 
phosis). 

4.   Adult,  reproducing  sometimes  by  budding  (Parthenogenesis). 
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IX.   GEPHYREA  (Sipunculus). 

There  are  two  points  of  interest  connected  with  these  singular 
worms,  u  e.,  the  fact  that  they  were  formerly  associated  with  the 
Holothurians,  and  that  their  free-swimming  Actinotrocha  larva  so 
closely  resembles  the  young  Echinoderms.  The  Sipunculus  usu- 
ally lives  in  broken  shells,  building  out  the  mouth  with  a  tube  of 
sand  ;  the  anus  is  situated  near  the  mouth,  while  in  Priapulus  it  is 
situated  at  the  end  of  the  body.  In  none  of  these  worms  are 
there  bristles,  or  indications  of  segments,  and  they  in  their  gen- 
eral appearance  with  their  tentaculated  mouth,  resemble  certain 
Holothurians,  as  Synapta.  Most  of  these  worms  are  bisexual, 
Sipunculus  however,  or  at  least  certain  species  of  the  genus,  being 
hermaphroditic. 

Whether  the  Gephyrea  should  be  regarded  as  a  separate  division 
equivalent  to  the  Annulata  or  as  a  subdivision  of  the  latter,  is  a 
matter  of  uncertainty. 

Development,  The  free-swimming  larva  of  Sipunculus  was  first 
discovered  and  named  "Actinotrocha"  by  J.  Miiller.  It  is  re- 
lated closely  in  form  to  Echinoderm  larvae,  as  well  as  to  the  Pili- 
dium  and  other  lar\'ae  of  the  Nemertian  worms.  The  fully  grown 
larva  is  much  like  the  kirval  Nemertian  noticed  on  p.  365,  fig.  171, 
the  disposition  of  the  digestive  canal  being  the  same,  while  on 
the  head  is  a  large  umbrella-like  expansion,  and  behind  the  mouth 
and  on  the  end  of  the  body  is  a  ciliated  band  and  twelve  arm-like 
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projections,  like  those  in  certain  Echinoderm  laxvBd.  In  all  re- 
spects the  Actinotrocha  is  a  true  Cepkalula. 

We  will  now,  with  Metsqhnikoff,  follow  the  life-history  of  the 
Actinotrocha.  The^arliest  stage  he  observed  was  when  the  larva 
had  a  transparent,  ciliated  body,  with  an  umbrella-like  expansion 
on  the  head,  covering  the  mouth  region,  while  the  end  of  the  body 
was  truncated.  The  young  at  this  stage  was  much  like  a  Phoronis 
larva.  Soon  four  projections  arise  at  the  end  of  the  body,  and 
twelve  long,  arm-like  projections  grow  out  by  the  time  the  larva 
becomes  mature. 

When  the  larva  is  about  to  transform  into  the  Sipunculus,  the 
end  of  the  intestine  bends  up,  opening  outwards  near  the  mouth. 
The  umbrella  is  gradually  withdrawn  into  the  mouth,  so  that 
finally  only  a  crown  of  short  tooth-like  projections  surrounds  the 
mouth.  Finally  the  whole  umbrella  disappears  in  the  oesophagus, 
is  'actually  swallowed,  while  the  arms  on  the  end  of  the  body 
are  absorbed  and  disappear,  and  the  end  of  the  intestine  projects 
far  out  from  the  body  behind  the  mouth.  By  this  time  the  Sipun- 
culus form  is  clearly  indicated,  the  body  being  long  and  slender 
and  the  mouth  surrounded  by  a  crown  of  short  tentacles,  and  the 
anal  opening  is  withdrawn  within  the  head.  The  change  from  the 
free-swimming  larva  to  the  sedentary  worm  is  effected  in  a  very 
short  time. 

The  Sipunculus,  then,  so  far  as  its  history  is  known,  passes 
through  a  Cephalula  stage  before  transforming  into  the  adult 
worm. 
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X.  ANNULATA. 
The  life-history  of  Balanoglossus,  a  peculiar  worm  found  in  fine 
sand  along  our  whole  coast  fVom  Cape  Ann  to  Beaufort,  North 
Carolina,  is  one  of  singular  interest.  Its  free  swimming  larva  was 
regarded  by  Miiller,  who  discovered  and  called  it  Tomariay  as  the 
young  of  some  starfish.  Later  studies  by  eminent  naturalists  only 
seemed  to  confirm  this  opinion,  until  in  1869  Metschnikoff  sug- 
gested that  it  might  be  the  larva  of  the  worm,  first  described 
under  the  name  of  Balanoglossus,  or  whalers  tongue,  by  Delle 
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Chiaji,  and  Mr..A.  Agassiz  fully  confirmed  tht  suggestion,  giving 
an  account  of  the  intermediate  stages  between  the  larval  and  adult 
condition. 

The  Tomaria  (Fig.  220 ^  after  A.  Agassia)  seems  in  many  re- 
spects like  some  echinoderm  larvee,  differing  from  any  yet  known, 
however,  in  having  an  organ,  the  so-called  heart  (h)  situated  at 
the  base  of  the  canal  leading  from  the  water  system  to  the  dorsal 
pore.  The  water  system  is  very  flilly  developed.  Mr.  Agaasiz 
says  that  the  natural  position  of  Tomaria  in  the  water  while-  mov- 
ing, is  usually  with  the  eye-specks  uppermost.  "They  revolve 
quite  rapidly  upon  their  longitudinal  axis,  and  at  the  same  time, 

Fig.  320. 

Fig.  331. 


Balanoglossaa 
(immature). 


Tornaria,  or  youqg  Balano- 

gl088U8. 


inclining  this  axis,  advance  by  a  motion  of  translation,  or  revolve 
upon  either  of  the  extremities  as  a  fulcrum.  Previous  to  the 
transformation  of  Tomaria  it  is  quite  transparent ;  the  brilliant 
carmine,  violet  or  yellow  pigment-spots  are  closely  crowded  along 
the  broad  belt  of  anal  vibratile  cilia,  as  well  as  smaller^  spots  on 
the  longitudinal  bands  of  smaller  cilia.  The  eye-specks  are  black 
and  extremely  prominent.  The  large  and  powerful  cilia  of  the 
broad  anal  belt  move  comparatively  slowly,  more  like  the  cilia  of 
the  embryo  of  mollusks,  as  has  already  been  observed  by  Muller." 
The  Tomaria  soon  throws  off  its  disguise  of  a  young  Echino- 
derm, and  now  begins  its  strange  transformations.    Previous  to 

*a,  anas;  6,  branch  of  water  system  leading  to  dorsal  pore,  df  «,  eyespeck;  g, 
gills;  Af  heart;  «,  intestine;  m,  month;  m',  musoular  band  flrom  eye  to  water  tube;  o, 
OBBophagns;  «,  stomach  or  alimentary  canal;  «i  lappet  of  stomach;  u',  anal  band  of 
cUla;  vf,  water  system. 
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any  other  change  two  gills  develop  flrom  the  round  bag-shaped  di- 
verticula of  the  oesophagus,  and  afterwards  three  more  pairs  of  gill- 
slits  arise,  somewhat  as  in  the  young  Ascidian.  Agassiz  then  re- 
marks that  the  *'  passage  of  Torn  aria  with  the  young  Balano- 
glossus  is  very  sudden,  taking  place  in  a  few  hours ;  but  unlike 
the  transition  from  the  Pluteus  into  the  Echinoderm,  there  is  no 
resorbitioi^  of  any  portion  of  the  larva."  The  body  lengthens, 
the  proboscis  is  indicated  and  assumes  much  of  the  form  of 
the  adult,  the  four  pairs  of  gills  are  well  developed,  the  cilia  drop 
off  first,  the  longitudinal  bands  and  finally  the  transverse  ones, 
and  then  the  collar  becomes  well  marked.  The  young  worm,  for 
it  rapidly  assumes  the  adult  Balauoglossus  likeness,  though  much 
shorter  proportionally,  now  instead  of  swimming  "  creeps  rapidly 
over  the  bottom  by  means  of  its  proboscis,  which  acts  as  a  sort  of 
propeller  taking  in  water  at  the  minute  opening  of  the  anterior 
extretnity  of  the  proboscis,  and  expelling  it  through  an  opening 
on  its  ventral  side  immediately  in  IVont  of  the  mouth." 

Fig.  221,  after  Agassiz,  represents  the  youngest  stage  found  in 
the  sand,  but  it  differs  from  the  adult  simply  in  the  shorter  body 
and  less  distinct  development  of  the  collar,  with  fewer  gills  and 
other  unimportant  points  of  difference. 

There  is  considerable  difference  of  opinion  regarding  the  affini- 
ties of  this  worm.  On  first  digging  it  out  of  the  sand  at  Beaufort, 
N.  C,  it  seemed  to  us  a  most  anomalous  form,  the  large  soft  pro- 
boscis, the  singular  gills,  and  the  absence  of  setiform  feet,  appa- 
rently forbidding  its  relationship  to  the  true  Annelides.  Yet  its 
true  position  appears  to  be  between  the  leeches  and  setiferous  An- 
nelides, with  some  Nemertian  analogies.  The  reader  can  choose 
between  the  opinion  of  Gegenbaur  that  this  worm  is  the  type  of 
an  order  equivalent  to  the  Annelides,  or  a  true  Annelid  allied  to  the 
Terebrellidae,  Clymenidse  and  allied  Annelides,  as  suggested  by 
Metschnikoff  and  Kowalevsky ;  or  that  of  A.  Agassiz  who  regards 
it  as  the  type  of  a  family  intermediate  between  tubicolous  Annel- 
ides and  Nemertians." 

Turning  now  to  the  lowest  Annulata,  the  leeches,  in  which  there 
are  no  bristles  or  gills,  while  each  end  of  the  body  terminates  in  a 
sucker,  it  has  been  found  by  Rathke  and  Kowalevsky  that  their 
embryology  is  nearly  identical  with  that  of  the  earthworm,  in 
which  there  are  bristles.  In  the  leeches  the  sexes  are  united  in 
the  same  individual,  except  in  the  genus  Malacobdella.    The  eggs 
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after  fertilization  undergo  total  segmentation.  There  is  a  primi- 
tive band  much  as  in  insects,  and  the  adult  form  is  attained  before 
the  animal  is  hatched.  There  is  no  metamorphosis.  So  with  the 
earthworms.  Kowalevsky  studied  the  mode  of  development  of 
two  species.  As  nothing  has  heretofore  been  known  of  the  life- 
history  of  so  common  a  creature  we  will  delay  a  moment  to  learn 
the  results  of  the  Russian  naturalist's  observation.  The  eggs  of 
the  European  Lumbricus  agricola  were  laid  while  the  worm  was  in 
confinement  in  January  and  February.  They  were  laid  in  nu- 
merous capsules,  sometimes  as  many  as  fifty  eggs  in  a  capsule, 
though  usually  only  three  or  four  embryos  were  found  in  a  capsule. 
The  egg-capsules  of  Licmbrkus  ruhellus  were  found  in  dung. 
They  were  much  smaller  and  contained  but  one  egg. 

Segmentation  is  total,  and  after  the  embryo-cells  are  arranged 
in  two  laj^ers,  the  innermost  laj'er  (endoderm),  invaginat^s  and 
forms  a  primitive  cavit3^  The  embryo  at  this  time  seems,  then, 
not  to  correspond  to  the  gastrula  condition  of  other  worms,  al- 
though as  in  other  worms,  the  Ascidians,  Insects  and  VertebrateSt 
there  are  two  primitive  germ-lamellae.  Later  in  embr3-onic  life, 
a  primitive  band  like  that  of  insects  (which  will  be  described 
farther  on),  rests  on  the  outside  of  the  yolk,  as  in  the  leach  {Hirudo 
medicinalis).  Finally,  the  form  of  the  earthworm  is  attained 
before  it  breaks  through  the  egg-shell,  and  it  hatches  without  un- 
dergoing a  metnmorphosis,  in  a.  condition  differing  but  slightly 
from  that  of  the  adult  worm  so  familiar  to  us,  the  body  being  pro- 
portionately shorter  and  thicker  near  the  middle. 

We  now  come  to  the  sea  worms,  or  Annelides,  in  which  there 
are  external  gills  and  often  a  complicated  locomotive  apparatus, 
consisting  of  fleshy  oar-like  projections  from  the  body,  and  strong 
bristles.  They  have  free-swimming  larva?,  which  by  a  complicated 
metamorphosis,  comparable  with  that  of  the  Nemertian  worms, 
attain  the  adult  worm-condition. 

A  singular  type  is  Phoronis,  which  lives  in  a  membranous  tube 
attached  to  rocks,  and  recalls  strikingly  the  appearance  of  a  Poly- 
zoan,  as  it  has  a  true  lophophore  and  the  intestine  opens  externally 
near  the  mouth.  It  is  in  fact  a  connecting  link  between  the  Annel- 
ides and  the  Polyzoa.  Its  life-history  as  told  by  MetschnikoflT  is 
nearly  identical  with  that  of  Sipunculus. 

We  will  now  in  a  fragmentary  way  study  the  mode  of  develop- 
ment of  certain  typical  Annelides,  beginning  with  the  lower  forms. 
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The  common  Spirorhis  spirillum  (Gould)  who.se  minute  naiitiliis- 
like  shells  cluster  on  the  common  Fucus  of  our  coast,  la3^s  its  eggs 

Fig.  224. 

Fig.  223. 
Fig.  222. 

to  t 


Earg  of 
Spirorbifl. 

Larva  of  Spirorbis. 

oilier  larva  of  8pirorbi«. 

in  strings  formed  of  two  rows  (Fig.  222,  after  A.  Agassiz),  and 
laid   on   the    sides  of   the  Fig.  225. 

body  within  the  shell.  The 
young  ciliated  embryos  may 
be  seen  in  the  eggs,  the 
eye-spots  being  very  dis- 
tinct. Fig.  223  (this  and 
Figs.  224,  225,  after  A. 
Agassiz),  represents  the 
embryo  just  after  hatching. 
It  will  be  seen  that  it  is 
already  far  advanced  before  <i 
leaving  the  e^g^  and  Agas- 
siz thinks  tliat  the  free-  t^ 
swimming  life  of  the  larva 
does  not  last  more  than 
from  eight  to  ten  hours,  as 
"it  frequently  happens  dur- 
ing a  night  that  the  smooth 
sides  of  the  vessel  are  com- 
pletely covered  with  small 
limestone  tubes,  formed  by 
the  young  Spirorbis  hatched  the 
sents  the  young  Spirorbis  soo 
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having  only  one  tentacle  (t)  developed  on  the  right  side.  In  a 
succeeding  stage  (Fig.  224)  the  opercular  tentacle  (to)  which  is 
destined  to  act  as  a  door  to  the  hole  of  the  cell,  begins  to  grow 
out,  and  there  are  two  pairs  of  bristles.  Shortly  after  this  the 
young  Spirorbis  hatches,  and  before  building  its  limestone  tube 
assumes  the  form  indicated  by  Fig.  225,  in  which  there  "  ai-e  nine 
rings,"  with  tentacles  nearly  as  branching  as  those  of  the  adult, 
and  a  well  formed  operculum  which  with  advancing  age  loses  all 
trace  of  its  former  tentacular  nature."  The  subsequent  changes 
are  very  slight. 

The  metamorphoses  of  the  other  sea  worms  are  well  marked, 
and  the  Jarval  forms  present  a  great  variety  of  shapes.  As  a 
rule,  perhaps,  the  eggs  undergo  total  segmentation,  and  the  em- 
bryo leaves  the  egg  in  the  Cephalula  condition,  the  head-end 
being  large  and  full,  with  the  alimentary  canal  more  or  less  flexed. 
In  some  cases,  as  in  Terebrellicles  Stroemii  Sars,  observed  by 
Willemoes-Suhm,  the  young  leaves  the  egg  as  a  Trochosphere, 
C'Atrocha"  of  Clapaiede  and  Metschnikoff,  who  observed  the 
Fig.  226.  same  stage   in    Lumbriconereis  ?)    like 

that  of  certain  moUusks  and  the  Poly- 
zoa,  being  spherical',  with  a  long,  ce- 
phalic tuft  of  cilia,  two  eye-spots,  and  a 
zone  of  cilia,  but  without  any  bristles. 
^  Others,  as  in  Leucodora,  are  similar,  but 

^  provided  with  a  few  long  setse,  which  act 

as  oars. 

g 

The  early  stages  of  the  embryo  have 
not  3'et  been  studied,  so  that  we  are  not 
in  possession  of  any  certain  knowledge 
Young  poiydora.  regarding  the   development  of  the  em- 

bryonal membranes  and  the  presence  or  absence  of  a  gastrula 
condition. 

Soon  after  the  larva  leaves  the  egg,  branches  of  bristles  appear 
and  the  bodj-  is  divided  into  segments.  Fig.  226  (this  and  Figs. 
227,  228,  229,  230,  231,  after  A.  Agassiz),  represents  an  advanced 
larva  of  Poiydora.  Fig.  227  and  228,  illustrate  the  early  stages 
of  Nerine. 

The  early  stages  of  Phyllodoce  macxdata  are  indicated  by  figures 
229,  230,  231.  The  subsequent  changes  are  not  important,  con- 
sisting chiefly  of  the  addition  of  a  great  number  of  segments  and 
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the  growth  of  smaller  bristles.  How  the  adult  forms  appear  may 
be  kDOwn  by  a  glance  at  the  accompanying  figures  of  certain  sea 
worms  of  our  coast  described  and  figured  by  Prof.  Verrill,  from 

Fig.  228. 
Fig.  827. 


Young  Nerine. 


Older  Nerine. 


whose  reports  the  figures  are  taken.     Fig.  232,  represents  Cly- 
menella  torquata^  288,  Euchone  elegans^  and  fig.  284,  a  not  un- 
common and  very  elegant  worm,  Cirratulus  grandis. 
Besides  the  normal  mode  of  reproduction  by  eggs,  certain 

Fig.  281. 

Fig.  880* 
Fig.  289. 


Young 
PhyUodoce.  side  view  of 

Fig.  889. 


Adyanced  young 
of  Phylloaoce. 


worms  reproduce  by  self-division  or  budding;  such  are  Nais, 
Sabella,  Filograna,  Protula,  Syllis,  Autolytus,  and  others.  In  the 
latter  worm  as  well  as  in  Syllis  there  is,  according  to  A.  Agassiz, 
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an  alternation  of  generations,  an  asexual  form  giving  rise  to  male 
and  females,  while  these  sexual  and  asexual  forms  are  so  unlike 
each  other  as  to  pass  for  different  species  and  even  genera. 
The  Annulata,  Hhen,  to  sum  up  what  is  known  of  their  life- 


Fig.  S32. 


Fig.  233. 


Clymenella  tor- 
qiiata. 


Eochone  elegans. 


history,  besides  reproducing  by  budding  and  parthenogenetically, 
usually  lay  eggs,  and  pass  through  the  following  stages : 
1.   Morula  state. 
?2.   Gastrula  (not  observed). 

3.  Atrocha  or  Trochosphere. 

4.  Cepbalula. 
6.  Adult. 
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A,  Agattix.  On  alternate  Generations  in  Annelidee.  (Jour.  Bost.  Soc,  N.  H.  yii, 
1892.) 

ClaparMe.  Beobachtungen  ueber  Anat.  and  EDtwicklongsgeschichto  Wirbelloser 
Thiere,  etc.    Leipzig.  1863. 

and  Metschnikoff.    BeitrSge  znrKenntniss  der  Entwickelongsgeschichte 

der  ChsBtopoden.    (Siebold  and  Kdlliker's  Zeitochrift,  1868).        * 

Compare  also  the  virritings  of  Lov^n,  A.  Agossiz  and  Eowalevsky,  already  cited,  and 
papers  by  Krohn,  Leockart  and  Pagenstecher,  Frey  and  Lenckart,  Schultze,  J.  and 
Max.  MiiUer,  Busch  and  Willemoes-Suhm. 

Fig.  234. 


CimtaloB  grandis. 
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BEVIEWS  Aim  BOOK  NOTICES. 

A  Late  Paper  on  Birds.^ —  Mr.  William  Brewster's  recent 
visit  to  West  Virginia  results  in  a  series  of  notes  on  a  hundred 
species  of  birds,  one-fifth  of  which  are  SylvicdidoB^  and  one-eighth 
FringiUidce,  The  observations  were  made  from  about  the  begin- 
ning to  the  height  of  the  "season,"  and  include  some  extended 
biographical  sketches  of  certain  species  with  which  the  New 
England  ornithologist  is  less  familiar  than  he  is  with  some  others, 
such  having  naturally  attracted  the  writer's  special  attention. 
Thus  we  have  good  notices  of  such  birds  as  the  PoUoptUa^  Thry- 
othorus  ludovicianus,  Hdmitherus  vermivorus^  Dendrceca  ccervlea^ 
Seiurus  ludovicianua^  Oporomia  formosus^  Icteria  virens^  Myiodi* 
odes  nictratus^  CardmcUia^  etc.  The  writer  dwells  upon  the  song, 
bringing  to  this  matter  an  appreciative  ear ;  and  indeed  it  may  be 
said  that  the  whole  paper  is  marked  by  results  of  unusually  close 
and  well-directed  observation,  showing  the  author's  trained  capac- 
ity for  good  sound  field  work.  The  list  takes,  without  question,  a 
fair  place  in  our  faunal  series,  and  very  acceptably  complements 
the  previous  one  written  by  Mr.  Scott,*  from  a  locality  close  at 
hand. 

The  "Annals  of  the  Lyceum,"  in  which  this  paper  appears,  are 
"looking  up"  in  ornithology,  at  least  so  far  as  number  of  authors 
are  concerned,  and  promise  to  become  a  more  favorite  medium  of 
publication  than  they  have  hitherto  been.  In  saying  this,  we  do 
not  overlook  Mr.  Lawrence's  widely  known  and  fully  appreciated 
series,  of  fifty  or  sixty  papers,  which  for  many  years  has  given  the 
"Annals"  their  chief  ornithological  weight,  as  Mr.  Cassin's  did  the 
Philadelphia  "Proceedings."  The  prompt  appearance  of  the  sig- 
ntreures  of  late,  and  the  admirable  typographical  execution  of  the 
Salem  Press,  are  strong  points  in  favor  of  the  "Annals."  The 
present  paper  appears  to  have  been  carefully  read  in  the  proof, 
and  the  more  we  see  of  scientific  printing,  the  more  we  are  satis- 
fied that  care  bestowed  upon  details  of  typography  is  pains  well 
taken.    Comeliness  of  appearance  is  well  worth  a  thought;  and 

>  Some  ObBenratloQs  on  the  Birds  of  Ritchie  Coonty,  West  Virginia.  <Aim.  Lye. 
Nat.  Hist,  N.  Y.,  xi,  1876,  pp.  15»-146. 

*  Partial  List  of  the  Summer  Birds  of  Kanawha  County  ....   <Proo.  Boat.  Soc 
Nat.  Hist.  XT,  pp.  219,  et  $eq, 
(670) 
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attention  to  the  shape  of  names  tends  to  this  result.  The  specific 
name  of  the  house- wren  is  a'edon  not  cedon;  the  generic  name  of 
the  wood- warblers  is  Dendroeca,  not  Dendroica,  Occasional  airing 
of  the  Greek  roots  is  as  good  for  the  health  of  the  outgrowing 
words,  as  stirring  the  soil  about  the  roots  of  a  tree  is  for  its  vigor. 
In  writing  Mniotilla  instead  of  the  customary  MniotiUa^  did  Mr. 
Brewster  intend  to  revert  to  the  original  Vieillotian  spelling? 
For  that  is  the  way  Vieillot  spells  the  word,  if  we  remember 
rightly,  in  the  Ency.  Meth. — E.  C. 

Morse's  First  Book  op  Zoologt.^ — This  charming  little  book 
will,  we  imagine,  be  immensely  liked  by  young  people,  whether 
they  use  it  as  a  text-book  or  receive  it  as  a  holiday  present.  It  is 
designed  for  boys  and  girls,  and  presupposes  an  entire  ignorance 
of  animals  on  the  part  of  the  student.  The  plan  is  to  teach  by  a 
study  of  the  objects  themselves.  The  writer  tells  young  people 
how  and  where  to  look  for  specimens.  After  an  excursion  in 
search  of  shells,  insects,  etc.,  the  author  as  it  were,  sits  down  by 
the  reader  with  his  or  her  hands  full  of  the  different  objects,  and 
draws  their  attention  to  the  difference  between  them,  and  to  the 
main  points  in  their  structure.  There  is  little  method  in  the  plan 
of  the  book,  and  the  reader  is  not  bewildered  with  a  "natural 
system"  before  he  has  learned  something  about  the  animals  com- 
posing it. 

The  drawings  are  with  few  exceptions  original,  while  all  have 
been  engraved  expressly  for  the  book.  They  add  much  to  the 
attractiveness  of  the  text.  The  illustrations  of  the  parts  of 
insects,  the  mode  of  growth  of  shells,  and  the  anatomy  of  verte- 
brates, are  strikingly  original.  The  chapter  on  vertebrates  presents 
matter  that  we  think  will  be  new  to  many  teachers  of  comparative 
anatomy.    The  book  is  sumptuously  printed  and  bound. 

BOTANY. 

Sequoia  sempervirens. — At  a  recent  meeting  of  the  California 
Academy  of  Sciences,  Dr.  A.  W.  Saxe  made  a  preliminary  report 
on  a  grove  of  colossal  redwood  trees  that  have  been  discovered  on 
the  course  of  the  San  Lorenzo,  which  takes  its  rise  near  Saratoga, 
in  Santa  Clara  County,  and  debouches  into  the  Bay  of  Monterey, 

^  First  Book  of  Zoology.  By  Edward  S.  Moree,  Ph J>.  New  York.  D.  Appleton  ft 
Co.,  1875.    12ino.    pp.  190,  with  158  woodcuts.    $1.25. 
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at  Santa  Cruz.  The  trees  are  in  a  forest  around  the  head-waters 
of  the  stream.  One  of  tliem  eclipses  all  that  have  been  discovered 
on  the  Pacific  Coast.  Its  circumference  as  high  as  a  man  can 
reach,  standing  and  passing  a  tape  line  around,  is  a  few  inches 
less  than  one  hundred  and  fifty  feet.  This  is  beyond  the  measure- 
ment of  any  of  the  Sequoias  (gfgantea)  in  the  Calaveras  Grove. 
The  height  is  estimated  at  one  hundred  and  sixty  feet,  and  a  part 
of  the  top  lying  on  the  ground  riven  off  by  lightning,  or  a 
tornado,  is  over  one  hundred  feet  in  length.  The  other  trees  in 
the  vicinity  are  not  as  large,  but  all  are  of  immense  girth.  Dr. 
Saxe  promised  to  get  information  more  in  detail  from  the  Pres- 
ident of  a  flume  company  in  that  section. 

This  region  has  but  recently  been  explored,  and  what  other 
marvels  of  vegetation  it  contains,  remains  to  be  seen.  The 
stumps  of  redwood  trees  of  immense  proportions,  have  been  re- 
ported, from  time  to  time,  to  the  Academy,  by  explorers  in  the  Mt. 
Diable  range  along  the  hills  back  of  Oakland,  but  now  we  are 
likely  to  have  further  discoveries  of  these  majestic  conifers  in  all 
their  glory,  height,  diameter  and  foliage. — R.  E.  C.  S. 

SuLLivANTiA  Ohionis,  Torr.  &  Gray. —  I  have  just  been  col- 
lecting a  large  quantity  of  this  rare  and  beautiful  little  plant. 
It  g^ows  in  great  abundance  about  four  miles  from  the  college,  in 
a  dark,  well-wooded  ravine,  known  as  "Clifby  Ravine."  It  is 
found  clinging  to  the  damp  limestone  cliffs  just  above  Clifty  Falls, 
and  is  rapidly  spreading  down  the  ravine.  It  is  a  charming  little 
plant  and  is  invariably  found  with  its  roots  buried  in  a  bunch  of 
damp  moss,  as  if  to  prove  to  us  that  it  belongs  to  Dr.  Sullivant 
and  loves  what  he  did.  In  the  description,  as  given  in  Gray's 
Manual,  there  is  omitted  one  character  which  is  always  the  first 
one  to  attract  the  attention,  even  of  the  casual  observer.  Upon 
showing  fresh  specimens  to  persons  I  have  never  failed  to  hear 
the  exclamation,  "  what  pretty  shiny  leaves !"  And  it  is  a  fact, 
for  there  is  always  a  beautiful  gloss  upon  the  leaves  as  if  covered 
with  a  fine  coat  of  varnish.  Clifty  Falls,  Jefferson  Co.,  Ind.,  must 
now  be  added  to  Highland  Co.,  Ohio,  and  the  Wisconsin  river. 
— John  M.  Coulter,  Hanover  College^  Hanover^  Ind.^  July  21st. 

PuociNi'A  MALVAOEARUM,  has  probably  been  for  many  years  in 
the  United  States.  Some  thirty  years  ago  I  found  the  hollyhock 
in  all  old  gardens  where  it  used  to  self-sow^  annually,  and  take 
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care  of  itself  generally.  A  few  years  after  I  endeavored  to  intro- 
duce the  improved  "Cater"  hollyhocks  from  England.  They 
did  remarkably  well  the  first  year,  but  the  next  were  attacked  by 
a  small  fungus  which  destroyed  the  leaves  almost  as  fast  as  they 
appeared ;  and  it  was  with  difficulty  they  could  be  had  to  retain 
strength  enough  to  flower  at  all.  Finally,  they  were  all  destroyed 
before  flowering,  as  were  the  common  single  ones  in  the  gardens. 
Since  the  discovery  in  England  that  Puccinia  malvctcearum  causes 
a  disease  like  this,  I  have  endeavored  to  find  a  specimen  in  order 
to  identify  the  species,  but  I  have  failed,  as  the  whole  race  of 
hollyhock  about  here*  seems  to  have  disappeared. — Thomas 
Meehan. 

ZOOLOGY. 

Oporornis  formosus  breeding  in  Eastern  New  York. — A  few 
days  ago,  while  out  collecting  with  a  friend,  we  were  attracted  by 
the  alarm  note  of  a  bird,  which  he  shot,  and  it  proved  to  be  a 
male  of  the  Kentucky  warbler.  In  passing  out  of  the  woods, 
which  were  overgrown  with  ferns  and  other  perennials,  we 
started  a  female  from  the  ground,  and  after  a  careful  search  we 
found  the  nest,  which  was  slightly  elevated  from  the  ground,  com- 
posed of  dry  chestnut  leaves  and  coarse  grass,  and  lined  with  horse 
hair.  The  eggs,  which  were  three  in  number,  were  white,  thickly 
marked  with  small  reddish-brown  spots  on  the  larger  end.  The 
nest  was  scarcely  more  than  twenty  feet  from  the  public  road. 
As  I .  have  not  heard  of  its  nest  being  found  before  in  New  York, 
I  thought  it  might  possibly  be  interesting  to  some  of  your  readers. 
— A.  K.  Fisher,  Sing  Sing^  N.  F.,  June  19,  1875. 

The  Purple  Gallinulb.  —  A  fine  specimen  of  the  Purple 
Gallinule,  was  shot  at  "Henry's  Pond,"  "South  End"  Rockport, 
Mass.,  on  April  12th,  by  Mr.  Robert  Wendel.— G.  P.  Whitman. 

Caloptenus  spretus  in  Massachusetts. — Specimens  not  difffer- 
ing  in  any  appreciable  respect  on  comparison  with  Califomian  exam- 
ples occurred  in  September  at  Amherst,  Mass. — A.  S.  Packard,  Jr. 

GEOLOGY. 

Interesting  Fossils  from  Illinois. — At  a  recent  meeting  of 
the  Academy  of  Natural  Sciences  of  Philadelphia,  Professor  Cope 
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stated  that  he  had  recently  received  from  Mr.  John  Collett,  of  the 
Geological  Survey  of  Indiana,  a  number  of  vertebrate  remains 
ft'om  some  point  in  Illinois.  The  specimens  were  taken  from  a 
blackish  shale  and  consist  of  separate  vertebrse,  and  other  parts 
of  the  skeleton,  often  in  a  fragmentary  condition.  Although  the 
absence  of  information  as  to  the  mutual  relations  of  the  pieces 
renders  the  identification  difi^cult,  yet  the  interest  attaching  to 
them,  in  consequence  of  their  peculiar  forms  and  the  locality  of 
their  discovery,  renders  it  important  to  determine  their  zoological 
position.  Mr.  Ck}llett  informed  Prof.  Cope  that  all  the  specimens 
were  found  near  together  and  at  the  same  horizon. 

A  remarkable  peculiarity  of  all  the  vertebrae  of  the  series  is  a 
longitudinal  perforation  of  the  centrum,  a  character  which  exists 
in  the  living  lizards  of  the  genus  Sphenodon  of  New  Zealand. 
The  bones  of  the  limbs  and  scapular  arches  are  so  decidedly  rep- 
tilian, and  so  unlike  those  of  any  Batrachia  with  which  we  are  yet 
acquainted,  that  they  probably  belong  to  the  former  class.  They 
constitute  the  fijrst  definite  indication  of  the.existence  of  reptiles 
of  the  order  Rhynchocepfialia^  in  the  Western  Hemisphere.  They 
belong  to  two  species  of  two  new  genera  which  were  named  re- 
spectively, Crkotus  heteroditua  and  Clepsydrops  GoUettii, 

Associated  with  these  saurians  were  found  teeth  of  two  species 
of  fishes,  which  are  important  in  the  evidence  of  the  position  (A 
the  beds  in  which  they  occur.  One  of  these  is  a  new  species  of 
Ceratodus  and  the  other  a  Diplodus.  The  former  genus  is  charac- 
teristic of  the  Triassic  period  in  Europe,  one  species  having  been 
found  in  the  Oolite.  It  still  lives  in  North  Australia.  In  both 
these  respects  the  lizards  mentioned  present  a  remarkable  coinci- 
dence. They  also  belong  to  the  horizon  of  the  Trias  in  Europe, 
and  the  only  living  species  is  found  in  New  Zealand.  Thus  it 
would  seem  that  a  f^aCgment  of  this  fauna,  so  ancient  in  the 
Northern  Hemisphere  and  so  remarkably  preserved  in  the  South- 
ern, has  been  brought  to  light  in  Illinois.  It  must  be  added,  in 
reference  to  the  geologic  age  of  the  fossils,  that  the  genus  Dip- 
lodus has  not  yet  been  discovered-  above  the  carboniferous,  and 
that  one  genus  of  the  family  of  lizards  described  belongs  to  the 
Permian  in  Germany.  It  cannot  therefore  be  determined  at 
present  whether  the  formation  in  which  they  occur  is  Triassic  or 
Permian. 
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Spencer  Microscopes. — Charles  A.  Spencer  &  Sons  of  Can- 
astota,  N.  Y.,  announce  the  transfer  of  their  enterprise  to  the 
Geneva  Optical  Co.,  of  Geneva,  N.  Y.,  and  state  that  almost  un- 
limited facilities  will  enable  them  to  supply  customers  with  genu- 
ine Spencer  workmanship  with  ordinary  business  promptness,  a 
promise  which  will  prove  attractive  to  those  who  have  learned  by 
experience  that  microscope-work,  on  the  average,  can  be  more 
safely  ordered  as  a  legacy  for  one's  heirs  than  with  any  reasonable 
expectation  of  its  being  received  in  time  to  be  of  any  use  to  him- 
self. Besides  their  usual  forms  of  stand,  and  the  more  useful  ac- 
cessories, the  Spencers  announce  two  series  of  objectives, — a  series 
of  fVom  4  inch  to  ^^  ^^^^  focus,  of  extremely  large  angle  and 
price  to  match,  and  a  series  of  very  judiciously  chosen  low  angles 
at  a  very  moderate  price.  The  name  of  Spencer  is  connected, 
more  radically  than  Any  other,  with  the  development  of  the  modem 
high-angled  objective,  and  it  is  interesting,  though  of  course  not 
decisive,  to  know  that  the  distinguished  workers  bearing  this  name, 
BO  far  fro^  having  lost  faith  in  the  fact  or  the  utility  of  extreme 
angles,  continue  to  announce  the  almost  incredible  angles  of  50^ 
for  the  1  inch,  and  175°  for  nearly  everything  from  the  {  upwards. 
The  acceptance  of  the  term  ocular  in  place  of  eye-piece  is  a  nota- 
ble contribution  to  an  improved  nomenclature. 

Mounting  Stained  Leaves. — Mr.  G.  Pim  exhibited,  at  the 
January  meeting  of  the  Dublin  Microscopical  Club,  leaves  mounted 
in  Deane's  Gelatine,  which  were  so  transparent  that  the  tissues 
throughout  could  be  readily  examined  by  merely  focussing  down 
to  the  required  level.  They  were  bleached  in  a  solution  of  chlo- 
rate of  potash,  one  drachm  to  half  an  ounce  each  of  water  and 
nitric  acid,  and  after  washing  stained  with  carmine  solution. 

Coloring  Matter  op  "Red  snow." — This  minute  vegetable 
organism,  Piotococcus  nivalis,  whose  growing  form  is  green,  but 
whose  bright  red  resting  spores  have  given  to  it  its  familiar  name, 
has  been  recently  examined  under  the  micro-spectroscope  by  Dr. 
J.  G.  Hunt,  who  states  that  its  coloring  matter  leaves  unchanged 
the  red,  orange  and  yellow  portions  of  the  spectrum,  but  entirely 
absorbs  the  violet  portion. 
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The  meeting  of  the  British  Association  for  the  Advahcemeht 
OF  Science,  held  at  Bristol  during  the  last  week  in  August,  is 
pronounced  a  decided  success  in  all  of  its  many  sections.  Over 
2200  persons  belonging  to  the  Association,  consisting  of  members, 
associates  and  ladies,  were  present,  and  a  .very  large  number  of 
papers  were  read,  many  of  the  sections  holding  until  the  last  hour 
of  the  meeting.  The  arrangements  of  the  committees  having 
charge  of  the  meeting,  and  the  hospitality  of  the  citizens  of 
Bristol,  are  said  to  have  been  all  that  could  be  desired.  The 
address  of  the  President,  Sir  John  Hawkshaw,  is  most  instructive 
and  interesting,  and  the  addresses  of  the  several  gentlemen  pre- 
siding  over  the  sections  are  what  would  be  expected  of  men  so 
distinguished  in  their  respective  departments.  We  cannot  do 
better  than  to  advise  our  readers  to  peruse  the  very  full  reports 
of  the  addresses  and  more  important  papers- given  in  "Nature," 
for  Sept.  2,  and  following  numbers. 

The  next  meeting  will  be  held  in  Glasgow,  on  Sept.  6,  1876, 
under  the  presidency  of  Sir  Robert  Christison. 

An  Ohio  State  ARCH-fiOLOGiCAL  Convention,  was  organized 
at  Mansfield,  Ohio,  on  Sept.  1.  We  have  only  seen  an  account  of 
the  proceedings  of  the  first  day,  and  do  not  yet  know  whajb  results 
were  attained  towards  a  permanent  organization.  About  fifty  dele- 
gates were  present.  Papers  were  read  and  discussed  and  speci- 
mens exhibited. 

The  French  Association  for  the  Advancement  of  Science, 
held  its  meeting  at  Nantes,  during  the  last  of  August,  and  was 
largely  attended.  Many  papers  were  read  in  the  several  sections 
and  the  meeting  was  regarded  as  quite  successful.  Full  repoils  are 
given  in  the  "Revue  Scientifique"  for  Aug.  28,  and  following  weeks. 

The  Iowa  Academy  op  Sciences  was  organized  in  August  last. 

Its  headquarters  will  be  at  Iowa  City.    The  present  ofllcers  are : — 

President^  Prof.  Bessey ,  of  Ames ;  Vice  President j  Dr.  Middleton,  of 

Davenport ;  Secretary  and  Treasurer,  Prof.  Preston,  of  Iowa  City. 
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ADDEES3 

OF 

PROF.    H.    A.    NEWTON,* 

VICE   PRESIDENT   FOR   SECTION    A. 


Members  of  the  American  Association  for  the  Advance- 
ment OF  Science  : 

I  THANK  5'on  hearlil}'  for  the  honor  you  have  done  me  in  calling 
me  to  preside  over  this  section. 

The  first  of  the  subjects  named  as  belonging  to  sec-lion  A,  is 
mathematics.  In  the  few  words  I  shall  say,  I  wish  to  ask  for  that 
branch  the  real  primacy  which  has  thus  in  form  been  given  to  it. 
I  plead  for  more  study  of  mathematics  by  American  men  of 
science. 

I  do  not  speak  of  its  place  in  education.  Whatever  interest  we 
may  have  in  schemes  of  education,  we  are  not  discussing  them 
here.  That  there  has  been,  and  is,  a  notable  lack  in  the  amount 
of  American  contributions  to  mathematics  has  been  so  fully  shown 
by  my  predecessor  in  this  office  in  a  recent  number  of  a  leading 
review,  that  I  need  not  repeat  the  story. 

It  is  not,  perhaps,  to  be  wondered  at  that  in  a  new  country  its 
flora  and  fauna,  its  physical  and  geological  features,  should  have 
more  attraction  at  first  than  the  exact  sciences.  Then,  too,  there 
have  been  in   this  country  large  rewards  to  labor,  especially  to 

♦Before  the  American  Association  for  the  A<lvanrenicnt  of  Science,  at  Detroit,  1875. 
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skilled  labor.  Livings  and  prizes  have  enticed  men  to  work  where 
practical  results  are  directly  in  view,  in  the  applied  rather  than  in 
the  pure  mathematics. 

But  whether  these  reasons  or  others  have  caused  it,  the  unpleas- 
ant fact  is  that  the  American  contributions  to  the  science  of  quan- 
tit}^  have  not  been  large.  Three  or  four  volumes,  a  dozen  memoirs, 
and  here  and  there  a  fruitful  idea  having  been  selected  from  them, 
there  is  left  very  little  tliat  the  world  will  care  much  to  remember. 
I  refer,  of  course,  to  additions  to  our  knowledge,  not  to  the  orderly 
arrangement  of  it.  To  make  first-rate  text-books,  or  manuals,  or 
treatises,  is  a  work  of  no  mean  order,  and  I  would  not  underesti- 
mate it.  In  good  mathematical  text-books  we  need  not  fear  com- 
parison with  any  nation..  But  so  few  additions  have  been  made  to 
our  knowledge  of  quantity,  that  I  fear  that  tlie  idea  has  been  quite 
general  among  us  that  the  mathematics  is  a  finished  science,  or  at 
least  a  stationary  one,  and  that  it  has  few  fertile  fields  inviting  labor, 
and  few  untrodden  regions  to  be  explored.  Hence  many  bright 
minds,  ca[)able  of  good  work,  have  acted  as  though  the  arithmetic, 
the  algebra,  and  the  mechanics  which  they  studied  covered  all  that 
is  known  of  the  science.  Instead  of  going  on  in  some  path  out  to 
the  bounds  of  knowledge,  as  they  had  perhaps  the  ability  to  do, 
they  dug  in  the  beaten  highwa3\s,  and  with  care  planted  seed  there, 
hoping  for  fruit.  How  much  such  ill-directed  thought  has  been 
spent  on  the  theory  of  numbers,  on  higher  equations,  on  the  theory 
of  the  tides,  ifcc,  which  if  rightly  expended  on  some  untrodden 
though  humble  field  of  the  science,  might  have  added  really  to 
human  knowledge  !  And  yet  hardly  an}'  science  can  show  on  the 
whole  a  more  stead}'  progress,  year  b}'  year,  for  the  last  fifty  years, 
or  a  larger  and  healthier  growth,  than  the  science  of  quantity. 
Here  too,  as  in  every  other  science,  the  larger  the  field  that  has 
been  acquired,  the  longer  its  boundary  line  from  which  laborers 
ma}'  work  out  into  the  region  beyond. 

An  individual  may  wisely  neglect  one  science,  in  order  to  work 
in  another.  But  a  nation  may  not.  For  the  healthy  growth  of  all, 
each  science  should  be  fostered  in  its  due  proportion.  But  the 
mathematics  has  such  relations  with  other  branches,  that  neglect 
of  it  must  work  in  time  wider  injury,  I  believe,  to  the  cause  of 
science,  than  neglect  of  any  other  branch.  I  will  give  a  few 
reasons  for  this  belief. 

First,  I  appeal  to  your  experience.  Am  I  wrong  in  supposing  that 
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each  of  yon  has,  at  one  time  or  another,  been  arrested  by  lack  of 
sufficient  knowledge  of  the  mathematics  in  a  line  of  research  that 
seemed  promising?  Would  not  each  of  you  join  me  in  urging  a 
young  student  in  almost  any  branch  of  science  to  acquire  first  of 
all  such  a  knowledge  of  geometry,  anal3'sis,  and  mechanics,  that 
the  main  ideas  in  them  shall  ever  be  familiar  to  him,  and  their  pro- 
cesses at  need  be  easily  recalled?  Certainly  so  often  has  the 
regret  of  a  want  of  such  knowledge  been  expressed  to  me  b}' 
successful  men  of  science,  that  I  have  little  doubt  of  your,  answer. 

Again,  I  argue  from  a  natural  law  of  succession  of  the  steps  of 
discover}'  in  the  ex|^ct  sciences.  We  first  see  differences  in  things 
apparently  alike,  or  likeness  in  things  apparently  diverse,  or  we 
find  a  new  mode  of  action,  or  some  new  relation  supposed  to  be 
that  of  cause  and  effect,  or  we  discover  some  other  new  fact  or 
quality.  We  frame  hypotheses,  measure  the  quantities  involved, 
and  discuss  by  mathematics  the  relations  of  those  quantities.  The 
proof  or  disproof  of  the  hypotheses,  most  frequently  depends  upon 
the  agreement  or  discordance  of  the  quantities.  To  discover  the 
new  facts  and  qualities  has  sometimes  been  thought  to  be  higher 
work  than  to  discuss  quantities,  and  perhaps  it  is.  But  at  least 
quantitative  analysis  follows  qualitative.  It  is  after  we  have 
learned  tdtat  kind  that  we  begin  to  ask  how  much.  The  investi- 
gator is  lame  if  he  is  not  prepared  to  follow  up  the  discovered 
relations  of  the  quantities. 

Again,  througiiout  the  sciences  of  this  section,  the  laws  are  more 
and  more  assuming  a  mathematical  form.  In  physics  I  need  hardly 
mention  the  increasing  rule  wliich  rational  mechanics  is  acquiring 
in  reducing  classes  of  phenomena  to  varieties  of  forces  and  motions. 
In  chemistr}',  mathematical  laws  must  govern  the  combinations  of 
the  elements,  both  in  the  processes  and  in  the  results  of  Chemical 
union.  Though  we  ma^'  not  now  explain  chemical  action  as  one 
branch  of  mechanics,  yet  the  mathematical  sciences  of  heat  and 
light  cannot  be  made  complete  without  extending  mathematics 
over  large  provinces  in  chemistry.  Even  in  the  sciences  of  sec- 
tion B,  the  mechanical  and  other  quantitative  ideas  arc  gaining  a 
sure  place. 

The  unwisdom  of  neglecting  the  mathematics  is  again  seen  by 
considering  some  of  the  problems,  which  appear  to  be  in  their  na- 
ture capable  of  a  mathematical  solution.  To  explain  by  the  ac- 
cepted laws  of  rational  mechanics  all  the  forces  and  motions  of  the 
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ultimate  particles  of  matter,  of  inorganic  matter  even,  ma}'  very 
well  be  beyond  the  powers  of  the  human  mind.  But  that  some  of 
those  forces  and  motions  will  be  explained,  even  at  an  early  day, 
seems  to  be  almost  certain.  So  the  essential  differences  in  the 
chemical  elements  may  not  be  beyond  discovery  and  explanation. 
Each  line  in  the  spectrum  has  its  definite  place,  and  those  places 
are  the  results  of  certain  laws  of  structure  of  the  substance  that 
gives  the  spectrum,  and  of  its  consequent  action  upon  the  light 
that  comes  from  or  traverses  the  substance.  .The  time  seems  near 
for  a  Kepler  who  shall  formulate  those  laws,  and  for  a  Principla 
which  shall  unite  them  in  their  most  general  m^hematical  expres- 
sion. In  like  manner  along  the  line  that  in  astronomy  and  phj'sics 
separates  the  unknown  from  the  known,  there  are  hundreds  of 
questions  whose  solution,  if  they  are  to  be  solved  at  all,  must  be 
in  part  mathematical. 

It  is  with  some  hesitation  that  I  leave  the  more  familiar  ground 
of  this  section  and  speak  of  the  laws  of  quantity  in  the  other 
sciences.  But  there  is  good  reason  apparent  to  even  the  outside 
obsen^er,  for  the  belief  that  the  mathematics  will  in  the  future 
(of  cour3e,  in  some  cases,  the  very  distant  future)  have  much  to 
do  in  fields  from  which  it  is  now  very  properly  shut  out.  Indi- 
rectly, through  physics,  it  has  already  a  foothold  in  some  of  them. 

Political  economy  is  in  its  ultimate  nature  a  branch  of  applied 
mathematics,  and  even  in  its  present  condition  we  are  entitled  to 
distrust  the  guidance  in  it  of  one  who  has  not  clear  conceptions  of 
the  relations  of  quantity.  In  fact,  most  of  the  questions  in  social 
science  seem  to  have  a  two-fold  character,  the  one  moral,  and  the 
other  mathematical.  In  geology  how  many  problems  are  rising 
into  importance  whose  solution  depends  upon  mathematics !  The 
geometry  of  animal  and  vegetable  forms  is  a  subject  as  yet  almost 
untouched  by  the  matliematician.  Yet  in  the  nature  of  the  case 
each  form  is  the  result  of  definite  forces,  and  similarity  and  law  in 
the  forms  represent  like  properties  in  the  forces  producing  them. 

There  is,  moreover,  a  large  possible  field  of  applied  mathematics 
in  the  science  that  shall  explain  the  relations  between  the  facts  of 
the  outside  world  and  the  impressions  which  they  make  through  the 
organs  of  sense  on  the  mind.  The  Greeks  solved  practicall}'  one  of 
its  problems  when  they  made  the  lines  of  the  Parthenon  curved 
that  they  might  appear  straight.  Another  is  met  by  the  astrono- 
mer when  he  has  to  apply  to  his  own  observations  a  personal 
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equation.  When  we  can  explain  the  correction  which  one  color 
needs  because  of  its  nearness  to  another  color,  we  may  perhaps 
have  more  hope  of  applying  to  color  a  unit  of  measure,  and  so 
treating  of  its  quantity.  Music  has  its  mathematical  basis,  and 
differences  in  sounds  have  submitted  to  analysis  and  measurement. 
The  physiological  theories  of  vision  and  hearing  must,  as  they 
develop  by  experiment,  furnish  many  problems  to  be  solved  by 
mathematics. 

Even  in  the  sciences  beyond  the  domain  of  this  Association 
there  is  some  evidence  of  the  sovereignty  of  number  and  measure. 
Some  of  those  who  have  most  thoroughly  studied  the  theory  of  the 
beautiful,  believe  that  mathematical  laws  will  yet  be  found  to  lie 
at  the  basis  of  that  theory.  The  recognition  of  a  more  and  a  less 
in  all  our  mental  powers,  impressions,  and  actions ;  of  a  law  of 
obedience  to  the  strongest  motive ;  of  an  inseparable  connection 
of  the  greatest  good  with  right  moral  action ;  what  are  these  but 
the  indications  of  the  existence  of  quantitative  laws  in  mental  and 
moral  sciences? 

That  there  is  a  growing  conviction  that  mathematical  relations 
run  through  all  subjects  of  thought  is  proved  by  the  increasing  use 
of  the  word  force.  Men  speak  oO  vital  forces,  mental  forces, 
moral  forces,  social  forces,  force  of  will,  force  of  passions,  of  af- 
fections, of  appetites,  force  of  words,  force  of  public  opinion,  force 
of  conscience,  force  of  character,  and  so  on,  through  all  the 
range  of  thought.  The  word  force  can  hardly  be  used,  even  as  a 
metaphor,  without  implying,  to  some  extent,  the  idea  of  a  cause 
and  an  effect,  each  possessing  the  attribute  of  quantity,  and  each 
related  quantitatively  to  the  other,  though  we  cannot  in  our  pres- 
ent ignorance  measure  the  one  or  the  other. 

Is  all  this  a  mere  fancy,  or  a  day-dream  of  the  imagination, 
rather  than  a  sober  conception  of  science  fitted  to  this  occasion  ?  If 
it  so  seems  to  you,  look  at  the  actual  history  of  one  kind  of  quantit}', 
that  of  probability.  Quantity  of  probability  differs  from  most 
kinds  of  quantities,  in  that  it  is  an  impression  on  the  mind  that  has 
no  necessary  correspondence  with  the  facts  of  the  outside  world. 
It  is,  to  use  the  mathematical  term,  a  function  of  finite  knowl- 
edge, depending  for  its  magnitude  entirely  upon  what  we  know, 
or  think  we  know,  changing  with  eveiy  accession  of  knowledge, 
real  or  supposed,  becoming  certainty  in  the  presence  of  full  knowl- 
edge, and  having  no  existence  where  there  is  no  knowledge  at  all. 
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This  mental  impression  of  the  more  and  the  less  probable  mathe- 
maticians learned  to  measure.  Its  theory  was  first  applied  to 
simple  games  of  chance,  but  it  has  grown  in  these  two  hundred 
years  until  it  is  now  the  firm  basis  on  which  rest  pecuniary  con- 
tracts for  many  thousands  of  millions  of  dollars  in  insurance.  It 
guides  and  controls,  by  the  method  of  least  squares,  approximate 
measurements  in  all  branches  of  exact  knowledge,  and  going  over 
into  mental  science  requires  logic  to  be  rebuilt  from  the  bottom. 

Has  the  thought  arisen  in  any  of  your  minds  that  this  idea  of 
a  possible  extension  of  the  science  of  quantity  is  derogator}-  to 
those  other  sciences  over  whose  domains  it  may  some  time  claim  a 
qualified  sovereignity — that  it  puts  the  good  and  the  beautiful 
even  alongside  of  the  masses  which  we  weigh  and  the  bulks  which 
we  measure?  Pjiirc  mathematics  is  not  a  science  of  matter.  It  is  a 
mental  science,  dealing  solely  with  mental  conceptions.  I  am  in- 
clined to  accept  Prof.  Peirce's  extension  and  definition  of  it,  that  it 
is  the  science  that  draws  necessary  conclusions.  But  however  we 
may  extend  or  limit  the  science,  it  expresses  necessary  laws  of  our 
thinking,  and  it  is  not  derogatory  therefore  to  our  highest  knowl- 
edge that  it  is  made  subject  to  it.  Moreover,  our  conceptions  of 
the  Creator  become  higher,  as  we  are  led  on  by  our  studies  to  em- 
phasize the  words  of  the  Hebrew  wise  man,  "  Thou  hast  put 
together  all  things  in  measure,  and  in  number,  and  in  weight." 
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LIFF>-IIISTORIES  OF  THE  CRUSTACEA  AND  INSECTS. 

BY  A.  S.  PACKARD,  JR. 

Having  left  the  worms,  we  come  now  to  a  more  circJimscribed 

group  of  articulated  animals,  in  which  the  jointed  body  is  protected 

by  a  more  or  less  dense  tejjjument  bearing  jointed  organs.     The 

barnacles,  water  fleas,  shrimps  and  crabs  are  tolerably  familiar 

forms,  and  therefore  we  will  not  pause  to  discuss  the  anatomy  and 

classification  of  these  animals,  merely  premising  our  account  of 

their  development  with  the  following  tabular  view  of  the  main 

divisions  of  the  group  : 

CRUSTACEA.    • 

SUBCLASS   I.  !  SUBCLASS  IL 

Decapoda  (Lobsters  an(\  Ciabs). 
Tetradecapoda     (Sow     Bugs,    Beach 

Flea*k). 
Xebauad.^  (vShrimp-likc  forms). 
PHYLLOroDA  (Leaf-fo<»U>d  >hrimps). 
Cladoceua  (Water-flenh). 
OSTRACODA  (Bivalved  Water-fleas). 
CoPEPODA,  including  Siphonostoma. 
C*iRKiPEDiA    including    Uuizocepuala 

(BiirnaclcB). 

Development  of  the  Barnacles.  Before  we  turn  to  the  life-his- 
tory of  the  barnacles,  let  us  look  for  a  moment  at  the  mode  of 
development  of  those  strange  parasites,  the  Rhizocephala,  whose 
larval  feet  become  by  a  retrograde  process  of  development  con- 
verted into  long  irregular  root-like  extensions  which  ramify  in  the 
body  of  their  host.  The  animal  itself,  as  it  adheres  by  means  of 
its  root-iike  feet  to  the  under  side  of  the  abdomen  of  the  crab  on 
which  it  lives,  would  be  readily  mistaken  for  a  large  wart  or 
sausage-like  bunch.  This  shapeless  mass  is  the  mature  Rhizo- 
ccphalon,  apparently  the  last  terra  in  the  series  of  dcgradational 
forms  so  numerous  among  the  lower  Crustacea.  This  sac-like  body 
is  filled  with  eggs. 

After  total  segmentation  the  embryo  rapidly  grows  and  hatches 
in  an  oval  form  with  no  distinct  head,  but  with  an  oval  shield-like 
disc  covering  the  insertion  of  the  three  pairs  of  jointed  swimming 
feet,  ending  in  long  bristles  which  aid  in  locomotion.  This  larval 
Rhizocephalon  is  comparable  with  the  young  of  the  water- fleas  or 
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copepods,  called  '^>"aupliu9'  (see  also  Fig.  256),  but  differs 
from  them  in  the  shield-like  expansion  of  the  bod^',  and  in  the 
presence  of  a  distinct  abdomen  ending  in  a  movable  caudal  fork. 
But  however  well  developed  is  the  body  generally,  the  young  root- 
barnacles,  as  we  may  term  them,  have  no  mouth,  or  so  far  as 
known,  stomach  or  intestine,  so  that  after  swimming  about  freely 
for  a  few  days,  they  change  into  the^*'pupa"  state,  in  which  they 
bear  a  remote  resemblance  to  the  bivalved  Ostracodes. 

The  broad  shield  of  the  larva  has  now  become  folded  together 
like  the  covers  of  a  pamphlet,  enclosing  the  body  of  the  pupal 
root-barnacle.  The  foremost  limbs  (to  avail  ourselves  of  Fritz 
MiJller's  description  in  his  "Facts  for  Darwin")  have  become 
transformed  into  very  [)eculiar  adherent  feet  (prehensile  antennae 
of  Darwin).  From  the  ends  of  these* feet  grow  out  two  filaments 
which  are  possibly,  as  Miiller  suggests,  the  ''commencements  of 
the  future  roots."  The  two  following  pairs  of  feet  are  rejected, 
six  pairs  of  forked  swimming  feet  have  meanwhile  grown  out  on 
the  abdomen,  while  the  tail  ends  in  two  short  appendages.  These 
pupae  are  also  mouthless  and  soon  attach  themselves  by  means  of 
their  adherent  feet  to  the  abdomens  of  crabs  and  hermit  crabs. 
The  other  feet  drop  off,  the  filaments  grow  down  into  the  body  of 
their  host,  entwining  around  the  intestine  or  ramifying  through 
the  liver.  "  The  only  manifestations  of  life  which  persist  in  these 
non  j)lus  ultras  in  the  series  of  retrogress! vely  metamorphosed 
Crustacea,  are  powerful  contractions  of  the  roots,  and  an  alter- 
nate expansion  and  contraction  of  the  body,  in  consequence  of 
which  water  flows  into  the  brood-cavity  and  is  again  expelled, 
through  a  wide  orifice"  (Muller). 

Such  is  the  ordinary  histor3'  of  a  Peltogaster  or  Sacculina,  but 
Mr.  Darwin  tells  us  of  another  form  {C ryptophialus  minutus) 
which  undergoes^  the  larval  state  in  the  egg^  hatching  in  the  pupa 
condition,  while  another  form  (a  species  of  Peltogaster?)  also 
leaves  the  egg  in  the  pupa  form. 

The  barnacle  has  a  somewhat  similar  life-history.  It  passes 
through  a  stage  of  total  segmentation  of  the  yolk  and  hatches  as 
a  Nauplius-like  frec-swiinming  larva,  but  differs  from  the  Rhizo- 
eephalus  larva  in  having  a  mouth,  stomach  and  intestine,  while 
the  body  is  covered  by  a  triangular  shield,  the  anterior  corners  of 
which  are  prolonged  into  horns,  while  the  posterior  angle  extends 
beyond  the  tail,  the  forked  abdomen  hanging  down  below  this 
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long  spine.  The  anterior  feet  (corresponding  to  the  anterior  an- 
tennai)  are  simple,  while  the  two  pairs  of  posterior  feet  are  forked, 
ending  in  long  bristles. 

These  well  armed  creatures  swim  vigorously  about  on  the  sur- 
face of  the  water  for  a  season,  moulting  several  times  before  as- 
suming the  bivalve,  pupal  condition. 

The  pupa  is  almost  identical  in  appearance  with  the  bivalved 
Sacculina,  having  no  mouth,  and  with  a  similar  arrangement  of 
limbs,  except  that  no  filaments  are  developed  on  the  anterior  pair 
of  limbs,  and  they  possess  a  pair  of  compound  eyes. 

The  pupal  condition  is  so  much,  alike  in  the  two  groups,  as 
stated  by  Fritz  Miiller,  that  we  scarcely  see  why  they  should  be 
.  separated  as  different  groups,  as  Miiller  is  disposed  to  regard  them, 
but  prefer  to  consider  them  as  subordinate  groups  of  Cirripedia. 

The  shield  of  the  bivalved  "  pupal "  barnacle  becomes  converted 
into  the  multivalved  barnacle,  the  solid  shell  of  the  latter,  as  in 
the  true  sessile  barnacles  becoming  so  unlike  the  thin  bivalves  of 
the  pupa,  that,  as  is  well  known,  even  Cuvier  supposed  them  to 
be  mollusks,  though  there  was  the  jointed  feelers  and  the  articulate 
plan  of  the  nervous  cord  as  witnesses  of  their  crustacean  affini- 
ties. The  swimming  feet  of  the  larval  barnacle  become  the  long 
slender  "  cirri "  which  serve  to  draw  in  the  food,  creating  currents 
setting  in  towards  the  mouth.  Strange  as  is  this  retrograde 
development,  we  shall  see  it  paralleled  among  the  fish  lice. 

To  sum  up,  the  barnacles  and  root-barnacles,  which  are  her- 
maphrodites, except  in  one  family  (Abdominales)  pass  through  the 
following  stages  of  development : 

1.  Morula. 

2.  Nauplins  or  larva. 

3.  A  bivalved  "  pupal "  stage. 

4.  Adult  retrograde  condition. 
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Developm  nt  of  the  Copepoda.  As  the  true  Copepods  and  their 
allies,  the  fish-lice  or  Siphonostomatous  Copepods,  travel  the  same 
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developmental  road  until  the  larval  stage  is  completed,  the  early 

stages  here  described  apply  to  the  species  of  both  groups.     The 

embr^'ouic  development,  however,  is  very  simple.     The  sexes  are 

Fijr.2r).  distinct,  and  the  females  (Fig.  235,  Cy- 

clojys  qnadricornis,  after  Clark)  in  many 

cases  swim  about  as  seen  in  the  figure, 

with  a  sac  of  eggs  attached  to  each  side 

of  the  body. 

The  embr3'o  in  those  species  of  Cope- 
pods  which  have  been  examined,  is  formed 
in  the  following  manner,  as  observed  by 
E.  Van  Beneden. 

The  egg  undergoes  total  segmentation, 
resulting  in  a  layer  of  blastodermic  cells 
surrounding  the  3'olk.  These  cells  in- 
crease in  length  on  one  side,  forming  the 
blastodermic  disc,  or  "primitive  streak." 
On  the  ventral  surface  of  this  disc,  viz., 
the  side  pointing  outwards,  the  three  pairs 
of  limbs  arise  simultaneously,  and  the 
Nauplius  (or  larva)  directly  hatches,  its 
body  more  or  less  oval  and  rounded. 
.  In  this  simple  condition,  with  no  sepa- 
ration of  the  body  into  a  head-thorax  or 
abdomen,  and  with  a  simple  unpaired  eye 
^^^^^'  and   a   labrura,   it  swims   around.      The 

farther  transformations  can  be  traced  by  any  one  who  will  take 
the  pains  to  keep  these  water-fleas  in  aquaria. 

Before  the  larval  Copepod  leaves  the  egg  it  moults  twice ;  the 
first  is  the  "  blastodermic  skin  "  secreted  by  the  blastodermic  cells 
and  exuviated  before  the  limbs  bud  out.  This  blastodermic  moult, 
comparable  to  the  serous  membrane  of  Arachnides  and  the  true 
insects,  has  been  observed  by  Van  Beneden  to  be  the  larval  mem- 
brane of  Gammarus,  and  he  has  recognized  it  as  surrounding  the 
embryo  of  Sacculina,  Loptomera,  Caprella,  Nebalia  and  Crangon. 
The  second  or  Nauplian  moult  takes  place  after  the  larval  form 
is  attained,  but  before  the  embryo  hatches.  The  skin  peels  off 
when  the  appendages  are  of  a  certain  length  and  before  they  are 
jointed. 

At  the  moment  of  birth,  says  Van  fieneden,  the  appendages 
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are  distinctly  jointed  and  provided  with  simple  or  branched  bris- 
tles.    The  alimentary  canal  is  distinct,  so  is  the  eye ;    and  the 
p.    23g       nerve-ganglion  is  recognizable,  while  the  blood  circu- 
Y      /  lates  in  the  body-cavity. 

While  most  Copepods  leave  the  egg  in  this  per- 
fected, Nauplius  condition,  the  embr3*o  Anchorella  and 
Ilessia,  according  to  the  researches  of  Van  Beneden, 
pass  through  a  Nauplius  state  in  the  egg^  then  three 
pairs  of  abdominal  feet  grow  out,  and  an  abdomen, 
consisting  of  five  well  marked  segments,  is  differenti- 
ated from  the  cephalothorax.  This  stage  is  called  the 
C3'clopian  stage  by  Van  Beneden.  Now  this  embry- 
onic stage  of  the  Lernoeans,  or  fish  lice,  corresponds 
to  the  stages  undergone  by  the  free  swimming  young 
of  Cyclops  and  other  Copepods. 

The  Nauplius  of  Cyclops  in  growing  to  maturity 
elongates,  mouth-appendages,  abdominal  segments 
and  appendages  arise  after  successive  moults,  until 
the  adult  form  is  attained. 

In  the  parasitic  genera,  the  larva  is  either  a  Nau- 
plius, as  in  Achtheres  and  Chondracanthus  (in  Actheres 
the  young  has  but  two  pair  of  appendages)  or,  as  tn 
Anchorella   and   others,   a  cy clops-like  being,  which 
after  swimming  around  for  awhile  fastens  Fi^.  237. 

itself  by  its  appendages  to  the  gills  of 
some  fish.  .Then  begins  the  race  be- 
tween the  organs  of  vegetative  and  ani- 
mal life,  the  former  far  outstripping  the 
latter.  As  in  the  Lemsea  of  the  cod  the 
appendages  grow  deep  into  the  flesh  of 
its  host  like  twisted  and  gnarled  roots, 
while  the  shapeless  sac-like  body  is,  as 
in  the  Sacculina,  a  simple  sac  filled  with 
eggs.  Or  the  body  is  still  without  seg- 
ments, as  in  Lerneonema  radiata  (Fig. 
236,  from  VerrilFs  Report)  and  ends  in 
two  attenuated  ovaries ;  or  as  in  Actheres 
Carpenteriy  Fig.  237  (from  Hayden's  Re- 
,port),  which  lives  on  trout,  the  deformation  is  less,  and  the  body 
is  divided  into  a  head  and  abdomen,  the  latter  in  the  female  bear- 
ing two  egg-sacs. 


Fish  Louse. 


Fish  louse. 


Digitized  by  CjOOQIC 


688 


LIFE-HISTORIES   OF  THE   CRUSTACEA  AND   INSECTS. 


^To  recapitulate  the  changes  undergone  by  the  Copepods  in 
attaining  maturity,  they  pass  through  the  foUowing  phases  of 
development : 

1 .  Morula. 

2.  Nauplius. 

3.  Cyclopian  (in  certain  genera  embryonic)  stage. 

4.  Adult  Copepod,  in  some  forms  being  a  degraded  more  or  less 
amorphous  parasitic  condition. 
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Development  of  the  Ostracodes  and  Cladocera,     Of  the  life-his- 
tory of  the  bivalved  Ostracodes  we  only  know  from  Clans'  studies 

Fig.  238. 


Sida. 


It 


that  '*the  youngest  stages  are  shell-bearing  Nauplius  forms." 
seems  evident  that  these  creatures  undergo  no  metamorphosis. 

Of  the  development  of  the  Cladocera,  such  as  the  fresh-water» 
Daphnia  and  Sida  (Fig.  238,  from  Ilayden's  Survey)  we  have 
more  certain  knowledge.     The  eggs  are  borne  by  the  females  in 
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so-called  brood-cavities  on  the  back  under  the  shell.  The  females 
bring  forth  two  sorts  of  egg^i^  i.e.,  the  ''summer  eggs,'*  which  are 
laid  by  asexual  females,  the  males  not  appearing  until  the  autumn, 
when  the  females  lay  the  fertilized  "  winter  eggs,"  which  are  sur- 
rounded by  a  very  tough  shell. 

Dohrn  observed  the  development  of  the  embrj'o  in  the  summer 
eggs.  At  first  the  embrj'o  has  but  three  pairs  of  appendages, 
representing  the  antennae  and  two  pairs  of  jaws.  It  is  thus  com- 
parable with  the  Nauplius  of  the  Copepods,  and  thus  the  Cladocera 
may  be  said  to  pass  through  a  Nauplius  stage  in  the  egg. 

Afterwards  more 'limbs  grow  out,  until  finally  the  embryo  is 
provided  with  the  full  number  of  adult  limbs,  and  hatches  in  the 
form  of  the  mature  animal,  undergoing  no  farther  change  of  form. 
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Development  of  the  King  Crab  (Limulus).  Here  we  must  turn 
aside  from  the  true  Crustacea  to  stud}'  the  development  of  the 
king  crab,  so  unlike  in  its  organization  to  the  normal  Crustacea, 
and  remarkable  for  being  an  ally  of  the  trilobites. 


Fig.  239. 


Embryo  of  King  Crab. 

Unlike  most  Crustacea  the  female  king  crab  buries  her  eggs  in 
the  sand  between  tide  marks,  and  there  leaves  them  at  the  mercy 
of  the  waves,  until  the  young  hatch.  The  eggs  are  laid  between 
the  end  of  May  and  early  in  July,  and  the  .young  are  from  a  month 
to  six  weeks  in  hatching. 

After  fertilization  the  yolk  undergoes  partial  segmentation, 
much  as  in  the  insects.  When  the  primitive  disk  is  formed  (much 
as  in  the  spiders  and  certain  crabs)  the  outer  layer  of  blasto- 
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dermic  cells  peels  off  soon  after  the  limbs  begin  to  appear,  and 
this  constitutes  the  serous  membrane  (Fig.  239,  am)  which  is  like 
that  of  insects. 

Then  the  limbs  bud  out.  the  six  pairs  of  cephalic  limbs  appear 
at  once  as  m  Fig.  239.  Soon  after  the  two  basal  paii*s  of  abdomi- 
nal leaf-like  feet  arise,  the  abdomen  becomes  separated  from  the 
front  region  of  the  body,  and  the  segments  are  indicated  as  in  Fig- 
240.  A  later  stage  is  signalized  by  the  more  highly  developed 
dorsal  portion  of  tlie  embryo,  an  increase  in  size  of  the  abdomen, 
and  the  appearance  of  nine  distinct  abdominal  segments.  The 
segments  of  the  cephalothorax  are  now  ver}'  clearly  defined,  as 
also  the  division  between  the  cephalothorax   and   abdomen,   the 

Fig.  241.  Fig.  243. 


King  Crab  ehortly  before  hatching;  trilobitic  stage. 

latter  being  now  nearly  as  broad  as  the  cephalothorax,  the  sides 
of  which  are  not  spread  out  as  in  a  later  stage. 

At  this  stage  the  egg-shell  has  split  asunder  and  dropped 
off,  while  the  serous  membrane  has  increased  in  size  to  an  unusual 
extent,  several  times  exceeding  its  original  dimensions  and  is  filled 
with  sea  water  in  w-hich  the  embryo  revolves. 

At  a  little  later  period  the  embryo  throws  off  an  embryonal 
skin,  the  thin  pellicle  floating  about  in  the  egg.  Still  later  in  the 
life  of  the  embryo  the  claws  are  developed,  an  additional  rudi- 
mentary gill  appears,  and  the  abdomen  grows  broader  and  larger, 
with  the  segments  more  distinct ;  the  heart  also  appears,  being  a 
pale  streak  along  the  middle  of  the  back  extending  from  the  front 
edge  of  the  head  to  the  base  of,  the  abdomen. 

Just  before  hatching  the  head-region  spreads  out,  the  abdomen 
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being  a  little  more  than  half  as  wide  as  the  cephalothorax.  The 
two  compound  eyes  and  the  pair  of  ocelli  on  the  front  edge  of 
the  head  are  quite  distinct ;  the  appendages  to  the  gills  appear  on 
the  two  anterior  pairs,  and  the  legs  are  longer. 

The  resemblance  to  a  Trilobite  is  most  remarkable,  as  seen  in 
Figs.  241  and  242.  It  now  also  closely  resembles  the  fossil  king 
crabs  of  the  Carboniferous  formation  (Fig.  243,  Presticlchia  ro- 

Fig.  2t3.  Fig.  244. 

b 


Pi-e8twichi!i.  Enpioops. 

tnndatus,  244,  Euproirps  Dance,  from  Worthen's  Paleontology  of 
Illinois). 

In  about  six  weeks  from  the  time  the  eggs  are  laid  the  embryo 
hatches.  It  now  differs  chiefly  from  the  previous  stage  in  the 
abdomen  being  much  larger,  scarcely  less  in  size  than  the  cephalo- 
thorax ;  in  the  obliteration  of  the  segments,  except  where  they 
are  faintl}'  indicated  on  the  cardiac  region  of  the  abdomen,  while 
the  gills  are  much  larger  than  before.  The  abdominal  spine  is 
very  rudimentary  ;  it  forms  the  ninth  abdominal  segment. 
.  The  reader  may  now  compare  with  our  figures  of  the  recently 
hatched  Limulus,  that  of  Barrande's  larva  of  Trinudeus  ornutus 
(Fig.  246,  natural  size  and  enlarged).  One  will  see  at  a  glance 
that  the  young  Trilobite,  born  without  any  true  thoracic  segments, 
and  with  the  head  articulated  with  the  abdomen,  closely  resembles 
the  3'oung  Limulus.  In  Limulus  no  new  segments  are  added  after 
birth ;  in  the  Trilobites  the  numerous  thoracic  segments  are  adde<l 
during  successive  moults.     The  Trilobites  thus  pass  through  a 
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well  marked  metamorphosis,  though  by  no  means  so  remarkable 
as  that  of  the  Decapods  and  the  Phyllopods. 

The  young  swim  briskly  up  and  down  in  the  jar,  skimming 
about  on  their  backs,  by  flapping  their  gills,  not  bending  their 
bodies.  In  a  succeeding  moult,  which  occurs  between  three  and 
four  weeks  after  hatching,  the  abdomen  becomes  smaller  in  pro- 
portion to  the  head,  and  the  abdominal  spine  is  about  three  times 
as  long  as  broad.  At  this  and  also  in  the  second,  or  sillcceeding 
moult,  which  occurs  about  four  weeks  after  the  first  moult,  the 

¥"\p.  215. 

4 

Fig.  243. 


© 


Larva  of  a  Trilobite. 
Larva  of  the  King  Crab. 

young  king  crab  doubles  in  size.  It  is  probable  that  specimens 
an  inch  long  are  about  a  year  old,  and  it  must  require  several 
years  for  them  to  attain  a  length  of  one  foot. 

The  stages  of  growth,  to  recapitulate,  are  as  follows:  — 

1.  Peripheral  or  partial  segmentation  of  the  yolk. 

2.  No  true  Nauplius  stage,  but  the  six  legs  appear  simulta- 
neously. 

3.  Trilobitic  stage. 

4.  Adult  Limulus  form  attained  before  hatching. 

LITERATURE. 

Packard.  The  Development  of  Limulus  Polyphemus.  (Memoirs  Boston  Society  of 
Natural  History.    1872.) 

Consult  also  paperb  by  Lockwood,  Dohin,  and  E.  Van  Beneilen. 

Development  of  the  Phyllopods.  We  will  now  return  to  the  true 
Crustacea,  and  trace  the  mode  of  growth  of  the  leaf-footed  forms, 
beginning  with  Limnadia  (Fig.  548,  L,  Agassizn  Packard,  in  Hay- 
den's  Report),  a  form  with  whose  development  we  are  acquainted. 
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These  shelled  crustaceans  live  in  pools  which  often  dry  up  in 
snmmer.  The  eggs  after  leaving  the  oviduct  are  ananged  above 
the  back  under  the  carapace,  where  they  remain  for  one  or  two 
days  in  midsummer,  or  for  several  days  during  September.  The 
eggs  of  the  European  L,  Ilermanni  are  irregular  in  form  and  en- 
closed in  a  solid  calcareous  shell  compose<l  of  two  valves.  So 
thick  is  the  shell  that  Lereboullet  was  unable  to  stud}^  the  devel- 
opment of  the  embryo. 

The  young  are  hatched  in  from  live  to  ten  days  after  the  expul- 
sion of  the  eggs  from  under  the  carapace.  The  freshly  hatched 
Jarva  is  a  nauplius,  witli  the  body  rather  long  and  with  two  pairs 
of  appendages  bearing  bristles,  tl*e  anterior  pair  being  forked; 
there  is  a  single  eye  in  the  middle  of  the  head  and  an  enormous 
labrum.     Lereboullet  states  that  the  larva}  "  have  a  great  resem- 

Fijr.  247. 


LimnatlJa  Agussizii. 

blance  with  the  larvaB  of  other  branchiopod  Crustacea,  among  oth- 
ers with  those  of  Branchipus  and  Artemia.  lint  the  larvae  of  these 
two  genera  have  antenna?,  which  are  wanting  in  the  larvae  of  Lim- 
nadifi,  while  also  the  larvaa  of  Artemia  have  no  labrum."  About 
the^beginning  of  the  second  or  third  day,  the  two  halves  of  the  car- 
apace begin  to  grow  out  from  the  sides  of  the  Imse  of  the  abdomen. 
They  finally  unite  over  the  back  forming  a  sort  of  a  hinge,  and  at 
length  enclose  the  bq^ly,  with  the  exception  of  the  head  and  extrem- 
ity of  the  abdomen.  When  the  creature  is  fully  grown,  the  head 
and  tail  are  entirely  covered  by  the  shells  of  the  carapace.  I  have 
found  the  young  of  L,  Ayassizil  about  half  a  line  in  length  in  a 
pool  on  Penikese  Island  early  in  August.  The  pool  a  few  days 
after  dried  up,  and  these  young  met  tlie  fate  so  common  to  these 
Phyllopods,  but  the  eggs,  protected  by  their  solid  calcareous  cov- 
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ering,  undoubtedly  withstand  the  desiccation  for  over  one  year, 
and  thus  the  species  is  preserved. 

The  larval  development  of  Apus  (Fig.  248,  A.  oequalis  Packard, 
in  Hayden's  Iieix)rt)  has  been  studied  by  Zaddach.  We  know 
nothing  of  tlie  embryology  of  this  animal.  I  have,  however,  been 
able  to  discover  that  tlie  blastodermic  skin,  like  that  of  Limulus, 
consists  of  a  single  layer  of  moulted  cells.  Zaddach  represents 
the  chorion,  or  egg-shell,  as  splitting  apart  just  as  in  Limulus,  and 

Fi^.  248. 

Fig.  249. 


Brine  Shrimp,  Artemla. 
A^>U8  sequaliH. 

the  embryo  surrounded  by  an  inner  membrane,  which  is  the  blas- 
todermic skin. 

The  young  breaks  out  of  its  blastodermic  skin  in  the  nauplias 
form,  with  two  pairs  of  appendages.  Alter  a  moult  a  third  pair  is 
added  and  the  larva  appears  as  in  Fig.  250,  b.  The  numerous 
foliaceous  feet,  to  the  number  of  sixty,  are  added  during  subse- 
quent moults. 

Of  the  embryological  development  of  Branchipus  and  Ai^temia 
(Fig.  249,  A.  gracilis^  after  Verrill)  we  also  know  nothing.    The 
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young  is  hatched  in  a  nauplius  condition  (Fig.  250,  a)  but  with 
three  pairs  of  limbs.  I  have  observed  a  similar  nauplius-brood  in 
the  Arteynia  fertilis  of  Great  Salt  Lake.  pig,  250. 

As  in  Apus,  new  pairs  are  added  at  sub- 
sequent moults  until  the  adult  form  is 
attained.  Siebold  has  shown  that  the 
summer  broods  of  females  reproduce  by 
budding,  as  is  probably  the  case  in  Lim- 
iMwiia  and  also  Branchipus  and  Artemia, 
the  males  not  appearing  until  towards 
autumn,  though  I  have  found  males  of 
Artemia  fertilis  in  great  abundance  in 
Great  Salt  Lake  late  in,  July.  Fig.  251 
represents  Branchipus  (Branchinectes) 
Coloradensis  (Packard,  in  Hayden's  Re- 
port), the  female  being  distinguished  by 
the  short  clasping  antennae,  and  the  long  Larva  of  Apns;  a,  Artemia. 
egg- sac  at  the  base  of  the  abdomen. 

The  Phyllopods,  then,  with  whose  embryological  development  we 
are  not  acquainted,  after  hatching  pass  through  a  nauplius  stage, 
and  the  adult  condition  is  attained  after  a  number  of  moults. 
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Development  of  Nehalia,  A  great  degree  of  interest  attaches 
to  the  life-history  of  this  animal,  wjiich  is  not  uncommon  in  deep 
water  off  our  coast.  It  is  a  relict  of  a  group  still  older  than  the 
king  crab,  being  represented  in  the  primordial  rocks  by  Hymeno- 
caris,  and  in  lower  Silurian  strata  by  Discinocaris  and  Peltocaris, 
and  in  the  upper  Silurian  by  Ceratiocaris  and  other  forms,  gigantic 
in  size  (some  of  them  being  about  seven  inches  long)  compared 
with  the  recent  Nebalia,  which  is  about  half  an  inch  in  length. 
Nebalia  is  regarded  by  Metschnikoff  as  a  Decapod ;  it  may  be  re- 
garded at  least  as  a  connecting  link  between  the  Phyllopods  and 
Decapods,  and  as  a  prophetic  type  preceding,  in  paleozoic  time,  the 
introduction  of  the  mesozoic  Decapods. 

Judging  by  the  plates  of  Metschnikoff*s  memoir,  for  the  text  is 
written  in  Russian  (a  sealed  language  to  us),  the  early  develop- 
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mciit  of  Nebdlia  is  apparently  identical  with  that  of  Oniseus,  as 
studied  by  Bobretzky,  and  probably  all  the  Tetradecapods,  and 
also  with  that  of  perhaps  the  majority  of  the  Decapods.  As  in 
Oniseus  the  segmentation  ys  partial,  the  blastodermic  cells  arising 
from  the  Subdivision  of  a  polar  cell,  finally  forming  a  blastodermic 
disk  consisting  of  a  few  large  cells.  At  first  but  three  pairs  of 
appendages  arise ;  these  corresponding  to  the  two  pairs  of  an- 
tennae and  the  third  to  the  mandibles.     At  this  period  the  abdo- 

Flsr.  2M. 


Bruuchinectes  Coloradensls  and  front  view  of  head  of  the  male. 

men  is  distinct  from  the  cephalothorax,  but  on  the  whole  the  cm- 
brj^o  may  be  said  to  pass  through  a  nauplius  stage. 

Then  the  two  pairs  of  maxillae  and  two  pairs  of  feet  arise  si- 
multaneously, the  abdomen  increases  considerably  in  length,  when 
the  ten  other  pairs  of  foliaceous  feet  spring  forth.  Meanwhile 
the  bivalved  carapace  grows  out  from  behind  the  ej'es,  covering 
the  cephalothorax  and  base  of  the  abdomen.  The  young  hatches 
soon  after  the  shield  is  developed  and  the  further  changes  are  but 
slight. 

The  Nebalia,  then,  in  brief,  passes  tlu'ough  the  following  stages  : 

1.  Partial  segmentation  of  the  yolk.  . 

2.  Nauplius  stage  (in  the  e^g). 

3.  Larval  form  like  the  adult ;  with  no  metamorphosis. 

LITERATURE. 

Metschnikoff.    The  History  of  the  Development  of  Nebalia.    (In  Russian.)    St.  Pe- 
sburg,  las. 

Development  of  the  Tetradecapods.     Much  good  work  has  been 
me  since  the  days  of  Rathke,  on  the  mode  of  growth  of  the  fresh 
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and  salt  water  sow-bugs,  etc.  (Tsopods),  and  the  beach  fleas  (Am- 
phipods).  The  development  of  the  Asellus  aquatkus  of  Europe 
has  been  studied  by  E.  Van  Beneden.  He  found  that  the  seg- 
mentation of  the  yolk  is  partial ;  that  after  a  blastodermic  moult 
the  two  pairs  of  antennae  are  formed  before  the  mandibles  and 
mAxillse,  the  embryo  passing  through  a  Xauplius  phase.  At  this 
time  the  embryo  moults  again.  Like  all  Tetradecapods  the  young 
hatch  in  the  form  of  the  adult,  there  being  no  metamorphosis.  Per- 
haps the  most  careful  study  of  the  embryology  of  the  higher  Crus- 
tacea, with  the  improved  means  of  examination,  instituted  mainly 
by  Kowalevsky,  is  that  of  Oniscus  murarius^  a  sow-bug,  by  Dr. 
N.  Bobretzky,  a  student  of  the  eminent  Russian  zoologist.  The 
following  is  an  abstract  of  his  paper.  The  egg  is  provided  with  a 
chorion  and  yolk  skin.  The  first  change  after  fertilization  is  the 
origin  of  the  formative  or  original  blastodermic  cells,  which  arise 
at  one  pole  of  the  egg.  As  a  result  of  the  self-division  of  the 
single  primitive  blastodermic  cell,  there  arises  a  disk  corresponding 
to  the  primitive  streak  of  other  articulates,  consisting  of  a  single 
laj'er  of  large  spheres  of  segmentation.  It  thus  appears  that  the 
segmentation  is  partial. 

Before  one-half  of  the  surface  of  the  egg  is  covered,  the  middle 
and  inner  germ-layers  are  indicated  by  a  mass  of  cells  in  the  con- 
cavity of  the  outer  layer,  resulting  from  the  division  of  some  cells 
of  the  outer  layer.  This  primitive  mass  is  the  first  indication  of 
the  innermost  (third)  and  middle  layers.  The  third  or  inner  layer 
consists  of  large  cells  mingled  with  the  yolk  cells,  among  which 
they  press.  (He  finds  this  to  be  the  case  also  in  Crangon  and 
Palaemon.)  There  are,  then,  three  germ-laj'ers  as  in  the  verte- 
brates. 

The  primitive  disk,  or  streak,  then  forms  by  the  cells  of  the 
outer  layer  assuming  a  cylindrical  form.  The  first  indication  of 
the  intestine  is  an  invagination  of  the  hinder  end  of  the  primitive 
band.  A  larval  skin,  like  that  of  Asellus  and  other  Crustacea, 
arises  when  the  first  traces  of  the  appendages  appear.  Bobretzky 
finds  that,  contrary'  to  Kowalevsky's  opinion,  the  inner  germ-layer 
in  the  Crustacea  agrees  with  that  of  vertebrates.  Soon  after  the 
limbs  grow  out,  a  cross-section  shows  that  it  is  due  to  a  bulging 
out  of  the  outer  germ-layer,  the  cavit}'  being  filled  with  cells  of 
the  middle  layer.  Now  appear  the  first  indications  of  the  liver,  a 
layer  of  large  cells  forming  the  liver  sac.     After  the  appendages 
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Fig.  202. 


Section  of  Embryo  Sow-bug. 


appear,  the  nervous  cord  arises  as  a  thickening  of  the  outer  layer 
on  the  ventral  side  of  the  primitive  band,  and  consists  of  three  or 
four  layers  of  roundish  cells.     Fig.  252  (this  and  Fig.  253,  after 

Bobretzky)  is  a  transverse  sec- 
tion of  an  embryo  in  nearly  the 
same  stage  as  the  embryo  Am- 
phipod  (Fig.  264)  ;  d  indicates 
the  intestine,  and  2,  the  two  lobes 
of  the  liver ;  g^  a  transverse  sec- 
tion of  the  nervous  cord,  and  A, 
the  walls  of  the  body  (hypoder- 
mal  layer).  The  opening  of  the 
liver  into  the  intestine  is  shown 
in  another  section  made  and 
drawn  by  Bobretzky. 

One  of  the  most  difficult  prob- 
lems to  solve  in  the  embryology 
of  the  Arthropods  is  the  origin  of  the  large  intestine.  It  is 
known  that  it  arises  out  of  the  yolk  sac,  but  how  and  where  it 
takes  its  origin  remained  without  an  answer.  ^^  After  I  had  as- 
certained," says  Bobretzky,  '4n  the  Astacus  and  Paleemon  the 
peculiar  relation  of  the  intestino-glandular  cells  to  the  yolk,  I 
could,  in  these  Crustacea,  follow  step  by  step  the  origin  of  the  epi- 
thelium constituting  the  walls  of  the  large  intestine.  This 
epithelium  first  appears  in  the  liver  sac."  He  found  the  same 
mode  of  origin  in  Oniscus.  The  next  step  is  the  disappearance 
of  the  yolk,  while  the  large  intestine  is  fully 
formed,  but  there  is/as  yet  no  communication 
with  the  stomach,  there  being  a  double  wall  of 
cells  shutting  off  the  large  intestine. 

The  heart  is  the  last  to  be  formed ;  it  arises 
from  the  middle  layer,  though  Bobretzky  was 
unable  to  study  its  early  development.  Fig. 
253  is  a  transverse  section  of  the  body  show- 
ing the  viscera ;  A,  indicates  the  heart ;  Ap,  hy- 
podermal  layer,  or  body  wall ;  m,  muscular 
wall  of  the  intestine ;  e,  epithelial  lining  of  the 
intestine ;  />,  the  dividing  wall  between  the  heart  and  the  intestine ; 
ly  the  two  lobes  of  the  liver ;  gr,  ganglion,  the  clear  space  being 
filled  with  the  fine  granular  substance  of  the  ganglion.    Nothing 


Fig.  253. 


Section  of  advanced 
embryo  Sow-bug. 
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has  been  said  of  the  development  of  the  external  parts.  The  two 
antennae  in  Oniseus  and  AselUis  are  the  first  to  bud  out  (Nau- 
plius  stage)  and  then  the  remaining  appendages  of  the  head  and 
thorax  appear  together,  and  subsequently  the  abdominal  feet  are 
formed.  The  abdomen  is  curved  up  and  backwards,  while  in  the 
Amphipods   it   is   bent  beneath  the  Fig.  254. 

body,  as  in  Fig.  254,  and  this  is 
really,  as  Fritz  Miiller  observes,  the 
only  important  difference  between 
the   embryos,  at  an   early  stage,  of 

the  two  groups.    The  embryo  Isopod  y  h 

at  the  time  of  hatching  closely  resem-  • 
bles  the  adult,  there  being  no  meta- 
morphosis. 

The  development  of   tlie  Amphi- 
nods  or  beach  fleas,  is  nearly  identical         „^^^  ^       .     »..    ^ 

*  ''  Embrvo  of  an  Amphipod. 

with  that  of  the  Isopods.      The  egffS    ft,  head;  aa',  anteunw;y,  yolk;  w, 

"°  inouth-parts. 

of  certain  species  undergo  total  seg- 
mentation, while  those  of  other  species  of  the  same  genus  (Gam- 
marus)  partially'  segment,  as  in  the  spiders,  and  in  a  less  degree 
the  insects,  showing  the  slight  importance  to  be  attached  to  this 
matter,  and  that  Haeckers  term  Morula  when  used  for  the  total 
segmentation  of  Crustacea  is  of  little  significance,  how  much  it 
may  be  in  the  lower  animals.  It  should  be  borne  in  mind  that  it 
has  been  used  in  the  present  work  mainly  as  a  convenient  term  to 
avoid  circumlocution. 

Fig.  254,  after  Miiller,  represents  the  embryo  of  a  Corophium, 
magnified  ninety  diameters,  in  which  all  the  limbs  are  developed. 

Summary  of  changes  :  — 

1.  Segmentation  of  the  yolk  partial,  or  total  (Morula). 

2.  Nauplius  state  in  the  egg. 

3.  Larva  hatching  in  tlie  form  of  the  adult  with  the  lull  number 
of  feet ;  no  metamorphosis. 
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Development  of  the  Decapods,  When  we  come  to  the  stalk-eyed 
Crustacea,  such  as  the  shrimps  and  crabs,  we  are  introduced  to 
a  gioup  of  aniinals  in  which  there  is  a  most  striking  metamor- 
phosis, as  first  shown  by  Thompson.  The  life  history  of  a  Deca- 
pod is  full  of  interest  and  significance,  as  the  phases  which  some 
present  from  the  larval  stage  up  are  as  varied  and  astonishing  as 
the  biography  of  any  animal  known.  In  the  group  as  a  whole, 
we  have  species  in  wliich  the  metamorphoses  are  performed  in 
great  detail  and  complexity  of  form,  the  animal  shifting  its  garb 
as  if  an  actor  with  many  parts  to  perform  in  the  drama  of  life, 
while  in  its  co-species  these  phases  ma}*  be  mostl}-  suppressed,  and 
the  few  it  does  undergo,  rapidly  assumed  and  discarded  within 
the  narrow  compass  of  the  egg-shell. 

One  Dccapo<l,  the  shrimp  PenaMis,  studied  b}*  Fritz  Miiller,  on 
the  coast  of  Brazil,  is  an  exception  to  all  other  stalk-eyed  Crus- 
tacea in  hatching  as  a  true  nauplius,  and  then  by  a  complicated 
series  of  metamorphoses  assuming  the  zoea  and  finally  adult 
life.  On  the  other  hand,  there  is  the  common  lobster,  or  frc.>b 
water  craw  fish,  whose  free  nauplius  and  zoea  stages  are  sup- 
pressed, undergone  in  the  egg,  and  which  hatches  in  nearly  or 
quite  a  similar  form  to  the  fully  grown  animal.  Between  these 
stages  there  are  all  grades  in  other  Crustacea. 

As  regards  the  development  of  the  embryo,  there  is  in  those 
species  which  undergo  a  metamorphosis,  a  quite  similar  mode. 
The  yolk  so  far  as  known  (Scyllarus,  Astacus,  etc.)  undergoes 
partial  segmentation  :  no  case  of  a  total  division  is  as  yet  known. 
After  the  formation  of  a  short  round  primitive  streak,  or  band, 
the  limbs  arise.  In  several  fcases  observed  by  Dohrn,  the  three 
anterior  pairs  of  limbs,  namely,  the  two  antennai  and  the  mandi- 
bles were  developed  simultaneously  and  before  the  others  ai)pear. 
The  embryo  may  with  truth,  then,  as  Dohrn  states,  be  said  to  pass 
through  a  nauplius  c^ondition  in  the  i^g^^^  as  much  as  a  mammal 
passes  through  a  fish-like  stage.  He  observed  this  nauplius-stage 
in  the  embryo  of  Scyllarus,  Pandalus  and  Galathea.  I  have  ob- 
served it  in  Jjiipa  hastuta  at  Charleston,  S.  C,  and  Libhu'a  canali- 
cnlatn.  It  is  not  improbable  that  most  crabs  pass  through  a 
nauplius  state.  As  if  in  proof  of  the  supposition  held  that  this 
is  a  true  nauplius  in  embryo^  we  have  the  fortunate  discovery,  by 
Fritz  Miiller,  of  the  fact  that  a  Brazilian  shrimp  (Penjeus,  allied  to 
P,  setife/'us  of  Floritla)  leaves  the  egg  "  with  an  unsegmeuted 
ovate  body,  a  median  frontal  eye,  and  three  pairs  of  natatory  feet, 
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of  which  the  ai)terior  are  simple,  and  the  other  tWo  biraraose ;  in 
fact,  in  the  larval  form,  so  common  amonj;  the  lower  Crustacea, 
to  whicli  O.  F.  Miiller  ^ave  the  name  of  Nauplius.  No  trace  of 
a  carai)aee  !  No  trace  of  the  paired  eyes  !  No  trace  of  masticating 
organs  near  llie  mouth  \vhich  is  overarched  by  a  helmet-like  hood  !" 
Let  u-^,  with  Miiller,  follow  the  subsequent  history  of  this  young 
shrimp.  After  passing  through  the  nauplius  condition  (Fig.  255) 
it  acquires  several  pairs  of  appendages  (maxilhe  and  maxillipedes), 
but  as  yet  no  true  legs.  It  is  now  a  typical  zoea  (Fig.  256)  hav- 
ing t>vo  compound  eyes,  a  carapace  aid  a  jointed  body.    The  next 

Fig.  255. 


Nuupliud,  or  larva,  of  a  Shrimp. 

important  step  is  the  appearance  of  the  five  pairs  of  thoracic  feet, 
and  soon  the  mature  form  of  the  prawn  is  attained. 

Most  true  Decnpods,  namely,  the  shrimps  and  crabs,  are  hatched 
as  zoere  (Fig.  257  after  Thompson,  represents  the  zoea  of  Car- 
cimis  incpjiafi),  and  swim  about  awhile  in  this  state,  the  swimming 
feet  being  tht^  antennje  and  jaws  and  foot  jaws,  which  afterwards 
acquire  a  digestive  function. 

Now  ouQ  species  of  the  genus  Alplu  us,  observed  by  the  writer  at 
Ke}'  West,  is  hatched  in  a  more  advanced  condition  ;  in  what  may  be 
called  a  super-zoeal  state,  namely,  it  possesses  not  only  five  pairs 
of  thoracic  feet,  but  also  five  pairs  of  swimming,  biramose  abdom- 
inal feet,  with  the  characteristic  large  claw  !     Here  we  have  a  sup- 
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pressioD  of  a  true  zoeal  free  swimming  condition,  just  as  we  have 
seen  to  be  the  case'  in  all  the  other  groups  of  the  animal  kingdom, 
where  one  species  may  be  born  in  an  extremely  imperfect  condi- 
tion, and  another,  even  of  the  same  genus,  is  born  in  a'very  per- 
fect state,  the  intermediate  phases  being  rapidly  assumed  and  as 
rapidly  discarded  in  the  embryo. 

A  less  extreme  case  is  that  of  the  lobster,  which  hatches  without 
abdominal  feet,  but  still  with  well  developed  thoracic  legs.     The 

FiR.  256. 


Zo6a  of  the  same  Shrimp. 

larva  is  super-zoeal.  The  most  extreme  case,  namely  of  an  entire 
absence  of  a  metamorphosis,  is  the  cray-fish  (Astacus  and  Cam- 
barus),  which  hatches  exactly  in  the  form  of  the  parent. 

These  facts  are  paralleled  by  the  metamorphosis  of  l^he  insects, 
where  the  terms  "larva"  and  "pupa"  are  exceedingly  arbitrary, 
the  larval  bee  or  fly  attaining  maturitj^  only  after  a  series  of  sur- 
prising changes,  while  the  larval  grasshopper  simply  differs  from 
the  adult  in  having  no  wings. 
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Crabs  breed  all  through  the  spring  and  summer.    At  Charleston, 
S.  C,  on  the  12th  of  April,  I  found  the  eggs  Fig.  257. 

of  the  edible  crab,  Lupa  hastata,  containing 
embryos  in  all  stages  of  development  from 
the  nauplius  to  the  zoea.  The  fiddler  crabs 
(Gelasimus  pngnax)  at  Fort  Macon,  N.  C, 
during  the  middle  of  May,  candied  eggs  in 
which  the  polar  cells,  or  formative  cells  of 
the  blastoderm,  were  present,  while  others 
contained  zoese,  with  the  two  claws  alike, 
and  it  is  probable  that  the  strange  inequality 
in  size  of  the  claws  in  these  animals  does 
not  show  itself  until  after  one  or  more 
moults. 

The  development  of  the  lobster  has  been 
studied  witli  much  care  by  Prof.  S.  I.  Smith.         ZoSa  of  a  Crab. 
The  lobster  breeds  between  April  and  November.     Fig.  259  ^  rep- 
resents the  embryo  just  before  hatching.     After  hatching  it  swims 

Fig.  258. 


Embrjo  of  the  Lobster. 

around  with  the  thoracic  feet.    After  moulting,  the  abdominal  feet 

1  Fig.  2S8.  Embryo  some  time  before  batching,  removed  fVom  the  external  envelope 
and  shown  in  A  side  view,  enlarged  20  diameters,  aa^  dark  green  yolk  mass  still  un- 
absorbod;  b,  lateral  margin  of  the  carapax  marked  with  many  dendritic  spots  of  red 
pigment;  c,  eye;  d,  antennula;  e,  antenna;/  external  maxilliped;  g,  great  cheliped 
which  forms  the  big  claw  of  the  adult;  hy  outer  swimming  branch  of  the  same;  i^  the 
four  ambulatory  legs  with  their  exopodal  branches;  k,  intestine;  /,  heart;  m,  bilobed 
tail  seen  edgewise.    Alter  Smith. 
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arise.     After  a  second  moult  it  is  half  an  inch  lon^  and  lose^»  its 

Fig.  «5'J. 


Zoea  of  the  Common  Cnib. 
Fig.  2  :0. 


Megalops  of  the  Common  Crab. 

formerly  Mysis-like  appearance  and  closely  resembles  the  adult. 
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Soon  after  this  it  leaves  the  surface  of  the  water  and  seeks  the 
bottom.     Specimens  three  inches  long  are  quite  like  the  adults. 

Besides  the  zoea  stage,  many  crabs  pass  through  a  stage  inter- 
mediate between  the  zoea  and  adult.  This  is  called  the  Megalops 
stage,  as  it  was  supposed  to  be  an  adult  animal  and  described 
under  this  term,  just  as  early  observers  mistook  the  Nauplius  and 
Zoea  for  adult  Crustacea.  Fig.  259  a  (this  and  260  after  Smith) 
represent  the  zoea  of  the  common  Crab  (Cancer  irroratus)  in  the 
last  stage  just  before  it  changes  to  the  megalops  condition,  and 
Fig.  260  the  megalops  of  the  same,  magnified  thirteen  diameters, 
In  two  cases,  En'phia  spinifrons^  and  a  species  of  Gecarcinus,  or 
the  land  crab  of  the  West  Indies,  there  is  no  metamorphosis,  the 
young  being  like  the  adult. 

Summary  of-  the  life-history  of  the  Decapods : 

1.  Partial  segmentation  of  the  yolk. 

2.  Nauplius  stage ;  either  free  swimming  or  undergone  in  the 

egg- 
8.   Zoea  stage  ;  sometimes  suppressed. 

4.  Megalops  stage ;  in  many  crabs ;  in  a  few  cases  no  meta- 
morphosis. 

5.  Adult. 
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11.   THE  INSECTS.     (Tracheata.) 

Under  the  term  Insecta  may  be  included  the  three  groups  of 
Myriopods,  Arachnids  and  true  six-footed  insects,  or  Hexapoda. 
All  differ  from  the  Crustacea  in  having,  as  a  rule,  for  there  are  ex- 
ceptions among  the  mites,  a  distinct  head,  separate  from  the  tho- 
rax, and  in  breathing  by  internal  air-tubes  (tracheae)  instead  of 
external  gills.  Without  spending  much  time  in  describing  the 
metamorphoses  of  the  winged  insects,  accounts  of  which  may  be 
found  in  any  entomological  work,  we  will  briefly  describe  their 
embryological  development,  from  sources  less  generally  accessible. 
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Development  of  the  Myriopods.  Thotigti  Newport's  classical 
memoir  on  the  development  of  Julus  will  be  fonn4  useful  for  the 
post-embryonic  stages,  the  indefatigable  Metschnikoff  ha»  Fecently 
cleared  up  the  embryological  development  of  these  animals,  so  that 
we  are  now  in  possession  of  a  life-history  of  these  creatures,  the 
early  phases  of  whose  existence  had  thus  far  eluded  the  scrutiny 
of  embryologists. 

We  will  now  follow  Metschnikoff  in  his  studies,  beginning  with 
the  history  of  a  Polydesmus-like  form,  Strongylosoma  Ouerinii, 
an  inhabitant  of  the  island  of  Madeira.  The  eggs  were  laid  dur- 
ing a  period  extending  from  February  to  the  end  of  May.  Before 
ovipositing  the  female  buries  herself  in  the  earth  one  or  more 
inches  below  the  surface,  then  depositing  one  or  two  hundred  eggs 
in  the  manner  of  several  other  Myriopods.  The  eggs  are  spherical, 
yellowish-white,  and  from  1-3  mm.  in  diameter. 

The  egg  undergoes  total  segmentation,  the  process  beginning  in 
six  or  eight  hours  after  it  is  laid,  and  ending  on  the  fourth  or  filth 
day.  By  this  time  the  primitive  band  rests  on  the  outside  of  one- 
half  of  the  egg.  A  furrow  next  arises  (as  in  the  first  figure  of  the 
Podurid,  Isotoma)  on  each  side  of  which  the  primitive  ridges 
afterwards  swell  up.  The  two  germ-layers  now  arise,  the  inner 
originating  in  a  small  mass  of  cells  on  each  side  of  the  furrow. 
The  antennse  bud  out,  and  subsequently  three  additional  pairs, 
namely,  the  mandibles,  the  second  maxillae  (the  first  pair  wanting 
in  the  Chilognaths  as  in  the  Poduridse)  and  the  first  pair  of  legs ; 
and  now  the  two  ends  of  the  body  meet  over  the  yolk  as  in  the 
Podurids,  the  head  touching  the  tail. 

The  brain  is  now  formed  from  tlie  outer  germ-layer  (ectoderm), 
the  mouth  and  anal  opening  also  being  formed  by  an  invagination 
of  the  same  outer  layer,  the  inner  layer  constituting  ultimately 
the  muscular  walls  of  the  digestive  tract,  while  the  epithelial  lin- 
ing of  the  large  intestine  also  arises  from  the  inner  germ-layer. 

On  the  fifteenth,  and  early  on  the  sixteenth,  day  the  *'  boring 
apparatus,"  a  chitinous  point  by  which  the  embryo  cuts  open  the 
shell,  appears  on  the  head.  The  legs  now  assume  their  form,  the 
fourth  and  fifth  pair  belonging  to  a  single  segment.  The  embryo 
now  moults,  the  skin  forming  a  cuticle  enveloping  the  embryo 
after  the  shell  splits  asunder.  The  nervous  cord  arises  fVom  the 
middle  portion  of  the  upper  germ-layer,  though  the  division  of  the 
layer  into  an  epidermal  and  nerve-layer  has  not  yet  taken  place. 
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By  the  sixteenth,  the  chorion  is  cut  through  by  the  point  of  the 
egg-shell  breaker  when  it  splits  apart,  and  the  embiyo  thus  remains 
covered  by  this  membrane  until  the  larva  is  ready  to  creep  about, 
a  carious  fact  first  observed  in  Jul  us  by  Newport. 

By  the  seventeenth  day  nine  or  ten  true  segments  are  formed, 
and  the  appendages  begin  to  show  articulations,  while  beneath 
the  skin,  the  fourth,  fifth  and  sixth  pairs  of  feet  arise  as  little  sacs, 
opening  in  the  middle  line  of  the  body.  The  two  stigmata  arise 
as  a  fine  tube  with  a  small  opening  on  the  basal  end  of  the  third 
pair  of  feet,  the  walls  of  the  tube  (trachea)  being  due  to  an  in- 
pushing  of  the  outer  germ-layer.  The  epidermis  is  now  well  de- 
fined and  the  nervous  cord  is  isolated  from  the  skin^  while  on  the 
nineteenth,  or  last  day  of  embryonal  life,  the  hairs  arise  over  the 
body.  The  embiyo  would  now  easily  be  mistaken  for  a  Podurid 
so  remarkable  is  the  resemblance,  owing  to  the  similar  number  of 
body-segments,  and  the  large  head,  wanting  in  both  animals  the 
true  maxillje. 

On  the  twentieth  day  the  larva  breaks  through  the  membrane, 
and  the  head  is  clearly  separated  from  the  body.  The  larva  closely 
resembles  the  young  Julus,  being  as  yet  cylindrical,  and  having 
but  nine  rings  besides  the  head. 

In  Polydesmus  complanatus  of  the  Madeira  islands,  the  egg  also 
undergoes  total  segmentation,  but  the  embryo  develops  more  rap- 
idly, being  by  the  fifth  day  covered  with  a  membrane. 
Meanwhile  the  antennae  have  appeared,  and  on  the  sixth    ^Jf*^- 
day  five  additional  pairs  of  limbs  bud  out,  namely,  the      vj;  4^ 
mandibles,  second  maxillae  (labium)  and  three  pairs  of    fcr  i^ 
legs.    There  is  no  shell  breaker,  the  shell  bursting,  how-     r^>^ 
ever,  on  the  tenth  day.    The  mandibles  are  very  large,     ^f^ 
almost  covering  the  labium.    The  larva  is  cylindrical,    ^^Z'§ 
the  body  (the  head  excepted)  consisting  of  seven  seg-    ^^:^ 
ments.  ^  ^^ 

The  development  of  the  singular  Polyxenxia  lagurus^    ^^^ 

a  little  short  creature  with  the  body  covered  with  fasci-   _  ^ 

•^  Polydes- 

cles  of  hairs,  was  obser\'ed  by  the  Russian  embryologist      mos. 

in  Switzerland. 

The  egg  undergoes  total  segmentation,  but  the  blastoderm  is 

restricted  to  one  pole  of  the  egg^  being  disk-like.    The  antennse 

and  mouth-parts  arise  as  in  the  foregoing  genera,  but  the  three 

pairs  of  legs  appear  simultaneously^    Metschnikoff  found  aoKB- 
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bold  bodies,  like  those  in  the  mites,  moving  about  in  the  egg, 
having  previously  separated  from  the  blastoderm. 

We  now  come  to  the  development  of  the  Thousand-legs  (Fig  2G2) 
which  was  first  studied  by  Newport.    Our  skilful  Russian  enihryol- 
Fig. '202.      ogist,  with  all  the  advantage  of  modern  means  of  inves- 
tigation, and  possibly  by  observing  more  transparent 
eggs  than  those  studied  by  the  famous  English  zoolo- 
gist, has  thrown  a  flood  of  light   on    the    embrvonic 
stages  of  a  species  {Julus  Moreleltii)  observed  by  him 
in  Madeira.     The  eggs  were  laid  in  November,  rarely 
in  the  spring,  and  not  at  all  in  the  summer,  being  de- 
posited  in  roundod   masses  under  the  surface  of  the 
earth,  as  in  the  other  Chilognathic  myriopods.    They  are 
oval,  dirty  greenish  wliite,  with  the  shell  unfortmiately 
more  opake  than  in  the  other  genera  mentioned.     Here, 
also,  as  in  the  otluM's,  the  segmentation  was   total,  a 
thing  not  known  to  occur  in  the  Hexapods  (the  Pod- 
urids  excepted),  and  rarely  iu  the  Arachnids,  chiefly  in 
the   mites.     The    primitive   band    arises   on  one  side. 
There  is  a  blastodermic  moult,  like  that  of  many  Crus- 
tacea, and  corresponding  to  the  *'deutovum"  of  certain  Acari. 
The   two   germ-layers  were   observed   to   arise   as   in  tlie   other 
genera,    while    the    three   cephalic   appendages    (antenmie,    man- 
dibles and  second  maxillae)  appear  as  in  the  other  ^fyriopods. 
p.    253  The  shell  splits,  as  first  observed  by  Newport, 

and  the  retort-shaped  embryo  remains  envelope<l 
in  the  blastodermic  skin,  remaining  connected 
with  the  chorion  by  a  fine  structureless  mcra- 
I  brane'.  By  thia  time  four  additional  pairs  of 
limbs,  like  little  buds,  are  visible  under  the  lar- 
val skin,  which  is  homologous  with  that  of  the 
Isopods.  The  head  is  free  from  the  thorax,  and 
the  body  composed  of  eight  segments.  The 
embryo  before  hatching  is  as  in  Fig.  263  (after 
Newport),  there  being  no  feet  on  the  third  ring 
from  the  head.    This,  however,  is  not  apparently 

Lr.rva  of  Julus.  r.  -  ,  ,     , 

a  fact  of  much  morphological  importance,  as  in 
Geophilus  the  embryo  has  a  pair  of  feet  on  each  body  segment. 
In  the  figure,  a  indicates,  the  rudiments  of  the  new  limbs,  and  ft, 
the  six  new  rings  growing  out  from  between  the  penultimate  and 
last  ring  of  the  body. 
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Metschnikoff  discovered  in  all  the  embryo  Myriopods  studied  by 
him  certain  paired  bodies  which  he  names  "  primitive-vertebrfle- 
like  bodies."  He  has  also  noticed  them  in  the  Scorpion,  the  Pha- 
langids,  Araneids,  Mysis  and  some  other  Crustacea,  Termes  and 
several  Oligochete  worms. 

When  we  turn  to  the  embryology  of  the  PoduridaB  we  shall  see 
bow  much  alike  those  insects  and  the  Chilognaths  are  in  the  mode 
of  development  of  the  embrj^o,  and  should  also  bear  in  mind  the 
fact  that  the  Podnras  also  have  but  a  single  pair  of  maxillfe,  while 
Scolopendrella  is  half  insect  and  half  Myriopod.  The  conclusion 
that  the  Myriopods  are  a  subclass  of  the  class  of  insects  is  thus 
based  on  morphological  and  embryological  grounds. 

A  later  paper  of  MetschnikoflTs  gives  us,  for  the  first  time,  the 
life-history  of  Geophilus,  one  of  the  Centipedes  or  Chilopod 
Mynopods.  He  found  that  the  yolk  undergoes  a  total  segmenta- 
tion, and  the  primitive  band  surrounds  one-half  of  Fig.aei. 
the  yolk.  In  the  next  stage  observed  the  antennas 
and  three  pairs  of  jaws  were  developed  (for  there  are 
besides  the  mandibles,  two  pairs  of  maxillse,  like 
those  of  insects,  in  the  Centipedes)  besides  twenty- 
three  segments.  The  anal  opening  was  situated  in 
the  unsegraented  end  of  the  body.  In  the  next  stage 
the  primitive  band  is  much  longer  than  before,  and 
the  head  and  tail  approach  nearer  to  each  other, 
while  there  are  now  from  forty-four  to  forty-six  body 
segments,  most  of  them  bearing  rudimentary  appen- 
dages, though  there  are  none  as  yet  on  the  end  of  the 
body.  In  a  succeeding  stage  the  head  is  much  larger, 
the  body  longer  and  curved  over  the  yolk,  while  the 
egg-shell  breaker  is  situated  on  the  second  maxilla. 
In  a  following  stage  the  body  is  still  more  elongated  Geophiius. 
and  the  joints  of  the  antennae  appear.  The  embryo  now  slips  out 
of  the  split  shell,  the  body  being  very  long  and  cylindrical,  not 
yet  flattened  as  in  maturity  (Fig.  264  represents  an  American 
Geophilus),  while  the  feet  are  not  jointed,  and  resemble  the  ventral 
cirri  of  annelides. 

We  see  then  that  the  Centipedes  (Chilopoda)  differ  from  the 
Thousand-legs  (Chilognaths)  in  the  mouth-parts  being  of  the  same 
number  as  in  insects,  and  that  the  young  are  bom  with  a  pair  of 
feet  on  each  of  the  three  segments  behind  the  head,  while  the 
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larva  is  provided  with  nearly  the  full  Dumber  of  feet  on  the  rest 
of  the  body,  there  being  no  metamorphosis.  The  body,  at  first 
cylindricai,  afterwards  becomes  flattened.  Thus  the  Centipedes 
may  be  said  in  some  degree  to  pass  through  a  Julus  condition, 
and  at  all  events,  both  morphologically  and  embryologically,  the 
Centipede  is  a  more  highly  developed  creature  than  the  Thousand- 
legs,  a  view  we  have  always  taken,  but  felt  was  rather  based  on  a 
priori  conceptions  than  on  a  sure  basis  of  facts,  now  happily  af- 
forded by  the  beautiful  researches  of  Metschnikoff.  To  sum  up 
the  phases  of  development  of  the  Myriopods  we  have,  then :  — 

1.  Morula  stage. 

2.  A  hexapod  larva  (Leptus  form)  as  in  the  Thousand -legs ;  or, 
as  in  the  Centipedes,  there  is  no  metamorphosis,  the  young  being 
like  the  parent. 

3.  Adult. 
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Development  of  the  Mites,  Coming  now  to  the  mites  and  spi- 
ders, we  find  some  peculiar  features  in  the  life-history  of  the 
former  which  deserve  attention,  though  space  compels  us  to  be 
brief  at  the  risk  of  being  obscure.  Most  mites  pass  through  a 
metamorphosis,  some  undergoing  striking  changes  within  the  egg. 
For  example,  the  Atax  Bonzi^  which  is  a  parasite  on  the  gills  of 
fresh  water  muscles,  first  hatches  in  an  oval  form  enveloped  in 
a  membrane  {deutovum).  From  this  **deutovum"  is  developed  a 
six-footed  larva.  In  this  second  larva  state  it  is  free,  moving  over 
the  gills  of  the  mussels,  finally  boring  into  the  flesh  of  its  host  to 
nndergo  its  next  transformation.  Here  the  young  mite  increases 
in  size  and  becomes  round.  The  tissues  soften,  the  limbs  are 
ehort  and  much  larger  than  before,  the  animal  assuming  an  em- 
bryo-like appearance,  and  moving  about  like  a  rounded  mass  in 
its  enclosure.  After  a  moult  it  assumes  the  so-called  *'  pupa- 
state."  During  this  process  the  limbs  grow  much  shorter  and  are 
folded  beneath  the  body,  the  animal  being  iaimoyable,  while  the 
whole  body  assumes  a  broadly  ovate  form,  and  looks  like  an  em- 
bryo just  before  hatching,  but  still  lying  within  the  egg. 

In  the  genus  Myobia,  a  parasite  of  the  European  field-mouse, 
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there  is  not  only  a  "  deutovura,"  but  also  what  Claparede  calls  a 
"  tritovum-stage,"  there  being  two  stages  with  distinct  embryonal 
membranes  before  the  six-legged  free  larval  state  is  assumed,  the 
lai'va  when  hatching  having  thrown  off  two  membranes,  as  well  as 
the  egg-shell.  Certain  bird-mites  pass  through  four  stages  to 
reach  the  male  condition,  while  the  females  pass  through  as  many 
as  five  before  attaining  sexual 
maturity.  Fig.  265  illustrates 
the  six-legged  larva  of  the  tick, 
which  is  simply  a  large  mite.  The 
eggs  of  the  mites  either  undergo 
total  segmentation  or  a  partial 
one,  as  in  the  spiders. 

The  water-bears  or  Tardigrades 
are  born  with  four  pairs  of  legs, 
not  undergoing  any  metamorpho- 
sis.    Not  so,  however,  with  cer-     ^  O  O  K^ 
tain  worm-like   mites,  which  by         I  y 

their  parasitic  life  lose  all  resem-         ^ ^ 

,  ,  .  .,  ..  ^  Tick  and  Slx-legged  Young:. 

blance  to  other  mites  and  aie 

often  mistaken  for  intestinal  worms.  I  refer  to  the  Pentastoma 
and  Linguatula.  Here  the  metamorphosis  is  backwards,  the  young 
after  passing  through  a  morula  condition,  being  born  as  short, 
plump,  oval  mites,  provided  with  boring  horny  jaws,  but  with  only 
two  short  rudimentary  legs. 

Finally,  we  come  to  those  problematical  forms,  the  sea-spiders, 
or  Pycnogonidae,  which  are  often  referred  to  the  Crustacea,  whose 
development  has  been  so  faithfully  studied  by  Dr.  Dohrn.  The 
yolk  undergoes  total  segmentation,  and  the  young  are  hatched 
with  three  pairs  of  legs,  which  after  moulting  attain  in  some  spe- 
cies an  extraordinary  length. 

To  sum  up,  then,  certain  mites  pass  through  either — 

1.  A  Morula  state,  or  the  yolk  only  partially  divides. 

2.  Sometimes  one  or  two  embryonal  stages  (deutovum  and 
tritovum). 

8.   A  six-legged  larval  state. 

4.  Eight-legged  "  pupal "  state. 

5.  Adult. 
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Consult  also  papers  by  Dog^s,  Doy^re,  MUller,  Van  Beneden,  Robin  and  otbers. 

Development  of  the  False-scorpions  (Fig.  266).     Some  most  an- 
ezpeoted  features  occur  in  the  life-history  of  these  little  tailless 
Fig.  886.  scorpion-like  creatures,  which  are  found 

living  under  the  bark  of  trees,  and  under 
stones,  etc.  The  female  runs  about  in 
early  summer  pressing  the  eggs  to  the 
under  side  of  its  body  by  means  of  its 
claws  or  nippers. 

Here,  as  in  most  mites,  the  segmenta- 
tion of  the  yolk  is  total.  The  blastoderm 
forms,  and  then  a  singular  feature  ensues, 
namely,  the  collection  of  an  albuminous 
substance  between  the  egg-shell  and  the 
False-scorpion.  blastoderm,  increasing  the  size  of  the  egg 

very  materially  and  containing  small  bodies ;  suggesting  an  em- 
bryonal membrane,  though  Metschnikoff  does  not  regard  it  as 
truly  such.    Soon  the  blastoderm  becomes  two-layeretl. 

Next  arise  the  rudiments  of  the  two  large  claws,  before  any  other 
limbs  appear ;  at  the  same  time  a  huge  projection  forms  on  the 
head,  with  indications  of  muscular  bands.  This  strange  appear- 
ance is  merely  a  sort  of  temporary  upper  lip.  At  this  time  the  end 
of  the  body  is  conical  and  curved  beneath  the  abdomen.  In  this 
imperfect  stage  the  embryo  sheds  a  skin  and  then  breaks  through 
the  delicate  egg-membrane,  becoming  free,  though  the  larva,  kan- 
garoo-like, is  still  attached  to  the  under  side  of  the  mother  Cheli- 
fer,  where  it  remains  until  it  has  completed  its  metamorphoses, 
though  of  course  it  derives  no  nourishment  from  its  mother. 

Now  the  embryo-larva  is  nearly  as  long  as  broad,  with  the  sin- 
gular hood-like  upper  lip,  and  the  rudiments  of  the  first  pair  of 
feet  directly  behind  the  enormous  rudimentary  nippers.  Within 
are  no  signs  of  a  digestive  sac  or  any  other  organs,  simply  a  mass 
of  yolk  cells. 

In  the  second  larva-state  the  body  is  broader  than  long,  the 
*^  upper  lip"  diminutive  in  size,  and  the  mandibles  and  four  pairs 
of  legs  are  present.  Here  also,  as  in  the  scorpions  and  the  spi- 
ders, four  pairs  of  deciduous  abdominal  feet  appear  (such  as  our 
author  has  also  seen  in  Phalangium  and  Forficula).  There  are 
now  seven  segments  in  the  abdomen. 
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The  larval  skin  is  after  a  while  ruptured,  and  the  insect  deserts 
its  parent,  in  a  form  like  that  of  the  mature  animal. 

It  will  thus  be  seen  that  the  ftrst  larva  of  Chelifer  is  comparable 
with  that  of  certain  low  mites,  but  very  different  from  the  Scor- 
pion, its  nearest  ally,  the  segmentation  of  the  yolk  being  total,  as 
in  most  mites,  the  sea  spiders,  Pentastoma  and  the  Tardigrades, 
while  the  larval  condition  is  on  a  still  lower  plane  of  existence 
than  the  Nauplius  of  the  lower  Crustacea.  The  false-scorpion 
differs  much  more  fVom  the  spiders,  the  scorpion  and  other  Pedi- 
palps,  than  the  harvest-man  (Phalangium)  Phrynus  and  the 
Acarina. 

The  harvest-men,  or  daddy-long-legs,  as  the  researches  of 
Metschnikoff  and  Balbiani  show,  develop  as  in  the  spiders,  differ- 
ing from  them  only  in  the  want  of  a  provisional  post-abdomen  and 
the  relatively  smaller  abdomen. 

The  false-scorpions  pass  through,  then : 

1.  A  Morula  stage. 

2.  Hatching  in  the  first  larval  state,  with  but  one  pair  of  ap- 
pendages (maxillae). 

8.  Second  larval  state,  with  all  the  limbs  present,  but  envel- 
oped in  a  larval  skin. 

4.  Throwing  off  the  larval  skin,  becoming  tree  and  with  the 
form  of  the  adult  animal. 

LrrERATURE. 

Meiaohnikof,  Entwicklangsgeeohichte  des  CheUfer.  Siebold  and  KdUiker*0  Zefts- 
ohrift  for  wiftsens.  Zoologie.   Leipzig,  1871.) 

Development  of  the  Scorpions^  etc.  (Pedipalps).  In  a  beautiful 
memoir  by  Metschnikoff  on  the  embryology  of  the  Scorpion  we 
have  full  details  regarding  the  embryonic  life  of  this  animal,  which 
brings  forth  its  young  alive  early  in  summer ;  being  one  of  the 
very  few  viviparous  insects  known.  His  studies  were  made  on 
three  species  of  Scorpio  found  in  southern  Europe.  The  females 
are  big  with  young  at  the  end  of  spring  or  early  in  summer.  I 
have  observed  this  to  be  the  case  with  the  scorpion  of  the  Florida 
Keys. 

The  earliest  phases  of  development  take  place  in  the  follicles  of 
the  ovary.  The  blastoderm  is  formed  out  of  a  few  polar  cells  just 
as  in  the  higher  Crustacea  (Isopods  and  Decapods).  It  is  at  first 
a  round  disc,  which  eventually  splits  into  two  germ-layers.    Soon 
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it  becomes  oval,  the  larger  end  being  the  head-end.  The  nejct 
step  is  the  formation  of  a  primitive  longitudinal  flirrow,  and  after- 
wards of  two  transverse  creases  dividing  the  germ  into  three  por- 
tions, the  anterior  the  head,  the  middle  portion  the  thorax  and 
abdomen,  and  the  third,  the  so-called  post-abdomen. 

The  egg  now  leaves  the  follicle  and  descends  into  the  oviduct. 
The  head  grows  broader,  and  by  this  time  the  germ  is  subdivided 
into  twelve  segments,  from  which  the  appendages  next  bud  out. 
The  mouth  may  be  discerned,  the  claws  are  indicated,  the  post- 
abdomen  is  folded  on  the  body  and  the  nerve-ganglia  may  be  de- 
tected arising  from  the  outer  germ-layer.  The  embryo  is  now  sur- 
rounded by  a  membrane  composed  of  two  layers  of  quite  dissimilar 
cells. 

A  singular  feature,  also  noticeable  in  other  Insecta,  is  the  pres- 
ence of  six  pairs  of  deciduous  abdominal  feet,  which  directly  as- 
sume the  form  of  horizontal  plates,  with  a  terminal  button,  which 
finally  disappear,  the  four  pairs  of  stigmata  taking  their  place ; 
the  second  pair,  however,  become  converted  into  the  comb-like 
tracheal  gills,  so  that  it  is  evident  that  these  are  exvaginate  stig- 
mata. The  germ  (primitive  band)  is  now  broader,  and  the  limbs 
have  a  more  definite  outline  and  are  jointed,  while  the  head  is 
narrower  than  before,  assuming  the  shape  of  that  of  the  adult. 

Metschnikoff  claims  that  there  are  three  germ-layers  in  the 
Scorpion,  homologous  with  those  of  the  vertebrates. 

A  summary  of  the  chief  events  in  the  development  of  the  scor- 
pion is  as  follows : 

1.  Partial  segmentation  of  the  yolk,  the  embryo  developing 
within  the  oviduct. 

2.  The  young  is  brought  forth  by  the  mother,  in  a  fonn  exactly 
like  the  adult,  and  about  half  an  inch  long,  about  a  dozen  being 
pro<luced  in  a  season. 
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Development  of  the  Spider.  From  the  life-history  of  one  spider 
we  may  learn  that  of  all,  as  there  is  much  uniformity  in  the  mode 
of  development  of  all  those  species  whose  growth  has  been  yet 
observed.  The  eggs  are  laid  usually  in  silken  cocoons.  All  un- 
dergo partial  segmentation  of  the  yolk,  which  is  surrounded  by 
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a  blastoderm,  which  thickens  o»  one  side  forming  the  primitive 
band,  eventually  becoming  marked  off  into  rings  or  zones,  as  in 


Fig.  867. 


Fig.  268. 


Fig.  269. 


Development  of  the  Spider.    After  Clapart.le. 

Fig.  267.  The  primitive  band  elongates,  new  segments  appear, 
(Fig.  268)  until  finally  the  germ  appears  when  drawn  as  if  spread 
out,  as  in  Fig.  269.     Besides  the  rudi-  Fig.  270. 

ments  of  the  two  pairs  of  head-appen- 
dages {i.e. J  the  mandibles  and  maxillse) 
and  the  four  pairs  of  legs,  there  are  at 
first  four,  as  in  the  figure,  and  subse- 
quently six  pairs  of  deciduous  abdomi- 
nal feet  as  in  the  Scorpion  and  two 
other  species  of  tracheate  insects. 

Soon  the  mouth-parts  and  legs  grow 
longer,  and  the  embryo  spider  lies  on 
the  surface  of  the  yolk  as  seen  in  Fig. 
270.  Finally,  the  head,  originally  dis- 
tinct from  the  thorax,  becomes  soldered 

to  the  thorax ;  the  eyes  appear  and  the  ^^^*°^  «°^^^^  ^^  *^^  ^p*'^^' 
animal  is  rapidly  perfected,  the  spider  being  hatched  in  a  form 
like  the  adult,  differing  only  in  size  and  its  paleness  of  color;  the 
changes  in  after  life  being  almost  imperceptible.  All  spiders^ 
then,  so  far  as  known : 

1.  Undergo  in  the  egg  state  a  partial  segmentation  of  the  yolk^ 
and 

2.  Are  hatched  in  the  adult  form,  having  no  metamorphosis. 
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Development  of  the  true  Insect.  While  the  history  of  the  winged 
insects  before  hatching  is  much  the  same  in  the  different  orders, 
there  are  some  exceptional  modes  of  development  possessing  a 
high  degree  of  interest  on  account  of  the  resemblance  to  the  mode 
of  enAryonic  growth  of  still  lower  animals.  First  I  will  give  an 
epitome  of  the  changes  observed  by  myself  within  the  egg  of  a 

Fig.  271.  Pig.  272. 


Fig.  274. 


mid 


V 


Development  of  a  Poduran. 


Poduran.  The  eggs  were  not  studied  until  after  the  formation  of 
the  blastoderm,  but  Ulianin  of  Moscow  has  ascertained  that  the 
eggs  of  certain  Podurids  undergo  total  segmentation,  in  this  fea- 
ture, as  indeed  in  some  of  the  other  phases  of  embr3^onic  life, 
closely  resembling  the  Myriopods.  Fig.  271  shows  the  primitive 
band  infolded  at  a,  as  in  the  Myriopod  germ.  A  more  advanced 
stage  (Fig.  272)  shows  the  rudimentary  appendages  (1-3, 1-III)  the 
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Fig.  275. 


second  maxlUse  or  labium,  not  being  present.  (It  will  be  remem- 
bered that  a  pair  of  maxillse  are  also  wanting  in  the  Thoasand- 
legs.)  The  next  change  is  the  clos- 
ure of  the  body-walls  over  the  yolk, 
and  the  appearance  of  the  rudiments 
of  the  *'  spring."  By  this  time  the 
serous  membrane  is  formed,  being  a 
tough  membrane  enveloping  the 
germ.  In  a  succeeding  stage  the 
intestine  is  formed  and  the  rudi- 
ments of  the  antennae  and  legs  have 
greatly  increased  in  size.  Still  later, 
the  appendages  begin  to  show  traces 
of  joints.     In  a  later  period  (Fig.  273,  274  a)  the  head  is  quite 

Fig.  «76. 
b  g    b 


Platygaster. 


6     ^1 
Development  of  Platygaster. 

separate  fl*om  the  rest  of  the  body,  the  antennae  {at)  are  of  much 
the  same  shape  as  in  the  larva,  while  the  upper  lip  (labrum)  and 
clypeus  are  clearly  indicated,  and  the  spring  {ap)  is  fblly  fprmed. 
Soon  after,  the  ^^  finishing  touches "  are,  as  it  were,  put  on,  and 
the  mandibles  and  maxillse  (md  and  mx)  are  withdrawn  within^he 
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head,  when  the  embryo  throws  off  the  chorion  and  serous  mem- 
brane and  runs  about  in  a  lively  way. 

Coming  now  to  the  true  winged  insects,  we  are  met  with  a  very 
exceptionable  mode  of  development,  observed  by  Ganin  in  certain 
species  of  minute  ichneumon  fl  es,  some  of  them  egg-parasites. 
The  ovary  of  Platygaster  (Fig.  275)  differs  from  that  of  most  other 
insects  in  that  it  is  a  closed  tube  or  sac.  Hence  it  follows  that  at 
Fig.  277.  every  time   an  egg  is  laid,  the  egg- 

^  tube  is  ruptured.    The  egg  is  a  single 

eel  .     Out  of  this  cell  (Fig.  276  A,  a, 

ai  arise  two  other  cells,  but  the  central 

«^  cell   (a)   gives   rise   to  the   embryo, 

which  as  seen  at  J5,  g^  originates  from 

the  nucleus  of  A,  a,  while  the  circle 

J  of  cells,  6,  form  an  equivalent  to  the 

serous  membrane  or  blastodermic  skin 
of  other  insects  and  Crustacea.  The 
germ  farther  advanced,  as  in  C,  g^ 
reminds  us  of  the  embryo  of  certain 
low  worms.  D  and  E  are  successive 
stages  in  the  growth  of  the  provis- 
ional larva  (Fig.  277,  7/i,  mouth ;  a/, 
antennse ;  md,  mandibles ;  d,  decidu- 
ous organs).  In  this  condition  it 
clings  to  the  inside  of  its  host  by 
gt  means  of  its  temporary  hook-like  Jaws 

(md),  moving  about  like  a  Cestodes 
embryo.  The  nerves,  blood  vessels 
and  air  tubes  are  wanting,  while  the 
alimentary  canal  is  simply  a  blind  sac, 
rirst  larva  of  piatygaeter.        remaining  in  an  unorganized   state. 

It  then  passes  into  the  second  larval  state  (Fig.  278)  like  that  of 
the  ichneumon  flies,  and  the  remaining  changes  into  the  pupal  and 
winged  state  are  as  usual. 

In  Polynema,  the  larva  in  its  first  stage  is  very  small  and  mo- 
tionless, and  with  scarcely  a  trace  of  organization,  being  a  mere 
flask-shaped  sac  of  cells.  After  five  or  six  days  it  passes  into  a 
worm-like  stage,  and  subsequently  into  a  third  stage  (Fig.  279,  tg^ 
three  pairs  of  abdominal  tubercles  destined  to  form  the  ovipositer ; 
Z,  rudiments  of  the  legs ;  //c,  portion  of  the  fatty  body  ;  aty  rudi- 
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ments  of  the  antennae;  ^,  imaginal  disks  or  rudiments  of  the 
wings). 


Fig.  278. 


Fig.  27». 


ng 


gn 

g 


Second  larva  of  Platygaster. 
Fig. 


Third  larva  of  Polynema. 

1^ 


md 


Development  of  Egg-parasites.     "S      "S 

The  larva  of  Ophioneurus  is  at  firs   of  the.  form  indicated  by 
Fig.  280,  E.    It  differs  ftom  those  genera  already  mentioned,  in 
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remaining  within  its  egg-membrane,  and  not  assuming  their 
strange  forms.  From  the  non-segmented/ sac-like  larva  it  passes 
directly  into  the  pupa  state. 

The  development  of  Teleas  is  like  that  of  Platygaster.  Fig. 
280,  -4,  represents  the  egg ;  JB,  C  and  D,  the  first  stage  of  the 
larva,  the  abdomen  being  furnished  with  a  series  of  bristlea  on 
each  side.  B  represents  a  ventral,  C  a  dorsal,  and  D  a  profile 
view ;  at^  antennse ;  md,  mandibles ;  mo^  mouth ;  &,  bristles ;  m, 
intestine ;  sw  the  tail,  and  ul  the  under  lip  or  labium.  Not  unUl 
the  beginning  of  the  second  larval  stage  is  the  primitive  band 
formed. 

In  all  the  other  insects  whose  early  stages  have  been  studied, 
there  is  a  remarkable  uniformity,  all  travelling  nearly  the  same 
developmental  road  until  just  before  hatching,  when  they  assume 
the  characteristics  belonging  to  the  larval  forms  of  their  respec- 
tive orders.  For  example  not  until  very  late  in  embryonic  life 
do  the  germs  of  a  bee,  a  bug,  a  beetle  or  a  fiy,  or  even  a  dragon 
fly,  differ  in  any  essential  point. 

We  will,  then,  give  a  general  and  brief  account  of  the  mode  of 
growth  of  the  germ,  not  dwelling  on  the  metamorphoses  of  in- 
sects. The  egg  after  fertilization  shows  the  first  sign  of  the  new 
life  thus  originated  by  the  appearance  of  a  few  polar  cells ;  these 
multiply  and  surround  the  egg  with  a  single  layer,  thus  forming 
the  blastoderm.  The  segmentation  of  the  yolk  is  thus  peripheral 
and  partial.  On  one  side  of  the  egg  the  blastodermic  cells  elon- 
gate, forming  a  thickening,  called  the  primitive  streak  or  band, 
which  in  some  insects  sinks  into  the  yolk.  By  this  time  the  se- 
rous membrane  {s)  has  moulted  and  envelopes  the  germ  and  yolk. 
The  germ  soon  splits  into  an  outer  (ectoderm)  and  inner  layer 
Fig.  281.  (endoderm)  and  then  sheds  the  true  am- 

nion, which  as  in  vertebrates,  peals  off  from 
the  primitive  band  or  germ,  and  acts  as  a 
protective  membrane. 

In  Fig.  281  (after  Kowalevsky)  repre- 
senting a  transverse  section  of  the  embryo 
Section  of  Sphinx  Embryo,  of  a  Sphinx,  we  scc  the  relation  of  parts. 
The  primitive  band  has  sunk  into  the  yolk  which  is  surrounded  by 
the  serous  membrane  (s)  or  blastodermic  skin  (formerly,  but  erro- 
neously termed  the  amnion).  The  primitive  band  is  seen  to  be 
formed  of  two  layers,  A,  the  outer,  and  m,  the  inner.    In  the 
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outer  is  subsequently  formed  the  nervous  cord  and  air  vessels, 
while  from  the  inner  arise  the  digestive  canal  and  its  glands  and 
rig.  282.      the  organs  of  circulation.    The  amnion  (am)  envel- 
opes the  germ.     From  the  ventral  side  of  the  primitive 
band  bud  forth  the  appendages  of  the  head,  the  thorax, 
and  as  in  the  embryo  caterpillar,  the  ten  pairs  of  ab- 
dominal leg^,  I.e.,  one  to  each  ring,  a  portion  of  which 
disappear  before  it  hatches,  no  caterpillar  having  more 
than  five  pairs  of  prop-legs.     Fig.  282  (after  Kowal- 
evsky)  represents  the  primitive  band  of  the  Sphinx, 
with  the  four  pairs  of  head  appendages  (c,  upper  lip ; 
a^  antennae  ;  md,  mandibles  ;  wa?,  mx'  first  and  second 
maxillfle),  and  the  three  pairs  of  thoracic  legs  (Z,  V  I") 
succeeded  by  the  ten  pairs  of  abdominal  legs.     The 
observer  will  notice  that  all  the  appendages,  whether 
of  the  head  or  thorax  or  hind-bod}^  are  alike  at  first, 
being  simple  outgrowths  of  the  outer  genn-la3'er. 
When  in  a  more  advanced  stage,  as  seen  in  the  ac- 
Spninx  em-    Company ing  figure  (283,  am^  serous  membrane ;  c?6, 
^^^^'        amnion ;  vk^  forehead)  of  the  embryo  louse,  the  an- 
tennae are  longer  than  the  mouth-parts,  pig.  283. 
and  the  legs  are  still  larger.     After  this 
those  features  characterizing  the  differ- 
ent orders  of  insects  appear,  and  shortly 
before   hatching   we   can   ascertain    to 
what  group  the  embryo  belongs. 

As  regards  the  development  of  the 
internal  organs,  the  nervous  system  is 
the  first  to  show  itself,  the  alimentary 
canal  is  next  formed,  and  the  stigmata 
and  air- tubes  arise  as  invaginations  of 
the  outer  germ-layer.  The  development 
of  the  salivary  glands  precedes  that  of 
the  urinar}'  tubes,  which,  with  the  geni- 
tal glands  are  offshoots  of  the  primitive 
digestive  tract.  Finally  the  dorsal  ves- 
sel is  formed.  Fig.  284  (after  Kow- 
alevsky)  is  a  transverse  section  of  the 

embryo  bee;  gr,  is  the  nerve  ganglia;  t.  Embryo  of  «ie  Lou  ee. 

the  alimentary  canal ;  m,  muscular  bands  running  to  the  heart  {h)  ; 
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d  is  a  gland,  and  f,  indicates  the  trachea,  its  mode  of  origin  being 
illustrated  on  the  left  side  of  the  figure  where  it  is  seen  in  com- 
munication with  a  stigma  or  air-hole  (s). 

So  far  as  we  know  (the  Thysanura  and  certain  minute  ichneu- 
mons excepted)  there  is  in  the  winged  insects  a  remarkable  uni- 
formity in   their   mode  of  development, 

Fiir  284 

and  it  is  difficult  to  determine  what  em- 
bryological  characters  may  be  set  down 
as  distinguishing  even  the  different  orders, 
but  they  will  probably  be  found,  if  any- 
where in  the  form  of  the  advanced  em- 
bryos. 

A  summary  of  the  most  important 
events  in  the  life-history  of  insects  is  as 
follows : 

1.  Peripheral  (partial)  segmentation 
Section  of  ^advanced  Sphinx    ^^  ^jj^  y^jj^  ^j^   ^^le  Podurffi  a  true  Morula 

condition), 

2.  Larva  hatched  in  the  form  of  the  adult,  but  (in  Aphis  and 
Miastor  producing  young  alive)  wingless,  and  undergoing  an  in- 
complete or  complete  metamorphosis. 

3.  Pupa  state,  more  or  less  marked  (in  one  species  of  Chiro- 
nomus  producing  young). 

4.  Adult,  usual I3'  winged,  sometimes  propagating  asexually. 
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BEVTEWS  AND  BOOK  NOTICES. 

Tenney's  Elements  of  Zoology.* — This  is  a  profusely  illus- 
trated book,  of  convenient  size  and  well  adapted  by  its  simple 
style  for  instruction  in  schools.  It  is  a  decided  improvement  in 
matter  and  illustration  on  the  ''Manual  of  Zoology"  by  the  same 
author,  as  more  attention  is  bestowed  to  anatomy  and  histology ; 
this  portion  being  illustrated  bj'  well  selected  engravings,  mostly 
taken  from  Milne-Edward's  ''Zoology." 

MICBOSCOPY. 

The  "Reflex  Illuminator"  for  Direct  Illumination. —  Mr. 
Samuel  Wells,  of  Boston,  communicates  to  the  "Cincinnati  Med- 
ical News,"  his  experience  with  Mr.  Wenham's  last  illuminator, 
ifsed  upon  transparent  objects  with  transmitted  light.  Of  course 
to  obtain  the  direct  efiect  the  object  must  be  mounted  in  balsam 
or  other  highly  refractive  medium,  and  the  illuminator  connected 
with  the  slide  with  glycerine  or  otherwise.  The  lens  must  be  an 
immersion,  and  over  82**  of  working  angular  aperture,  since  noth- 
ing under  41°  of  semi-aperture  can  be  lighted  by  this  arrangement. 
Mr.  Wells,  among  a  large  number  of  lenses,  found  only  four  capa- 
ble of  working  with  light  at  this  angle, — a  Powell  &  Lealand  ^, 
Tolles'  iV,  and  Tolles'  four  system  ^  and  ^.  All  these  are  fa- 
mous resolving  lenses,  and  their  performapce  with  this  light  is 
described  as  remarkably  beautiful.  An  exactly  similar  use  of  the 
Wenham  Paraboloid  has  been  a  favorite  method  of  high-power  il- 
lumination (differing  only  in  angle  and  in  not  being  limited  to  an 
unilateral  effect)  and  gives  the  same  exquisite  definition  with  a 
perfectly  coiTCcted  objective,  though  failing  entirely  with  many 
objectives  that  are  called  first  class. 

Reliabilitt  of  the  Microscope. — Mr.  John  Michels  paper  in 
'*  Popular  Science  Monthly,"  on  the  Microscope  and  its  Misinter- 
pretations, mainly  by  virtue  of  its  title,  largely  contributes  to 
an  exaggerated  popular  estimate  of  the  general  untruthfulness  of 
microscope  teachings.  The  paper  itself  is  a  good  popular  synop- 
sis of  the  Podura  scale  controversy,  but  has  about  the  same  rela- 

*  Elements  ol  Zoology.    A  Text  Book.    B^  Prof.  Sanborn  Tenn«f.    niostrated  bj 
750  woo<l  engravings.    New  York :  Scribner,  Armstrong  &  Co.    1875. 
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tion  to  the  general  credibility  of  microscopical  science  that  a 
dispute  about  some  confessedly  difficult  double  star  would  have  to 
the  science  of  astronomy.  Experience  is  suggested  as  a  safeguard, 
and  so  are  high  powers,  which  are  of  undisputed  value  notwith- 
standing that  they  chiefly,  if  not  only,  are  liable  to  serious  danger 
of  misinterpretation.  The  necessity  of  corroboration  of  results 
in  important  cases  by  different  observers  is  urged,  to  which  the 
editor  of  the  "Technologist"  adds  that  varied  methods  of  prepar- 
ation are  a  stronger  confirmation  than  a  number  of  observers. 

A  CONCENTRATED  METHOD  OF  MOUNTING. — Mr.  C.  H.  RobiuSOn,  of 

Cleaveland,  contributes  to  the  '*  Postal  Micro-cabinet  Club,"  a 
slide  illustrating  a  method  of  mounting  where  the  space  under  a 
single  large  cover-glass  is  occupied  by  a  considerable  number  of 
small  circles  with  an  object  in  each.  He  makes  the  circles  of 
white  zinc  varnish,  and  sometimes  adds  a  circle  to  the  etlge  of  the 
cover-glass  as  a  finish.  This  method  of  mounting,  the  appearance 
of  which  is  decidedly  handsome,  is  particularly  applicable  to  dis- 
playing several  varieties  of  one  species  (as  of  selected  diatoms  or 
of  foraminifera)  on  one  slide,  or  to  presenting  in  contrast  different 
methods  of  preparing  the  same  species. 

NOTES. 

"We  noticed,  in  our  last,  that  an  Ohio  State  Association  of 
Archaeologists  had  been  formed,  and  we  now  have  to  record  the 
organization  of  similar  State  Associations  in  Indiana  and  Tennes- 
see. These  State  Associations  will  be  of  great  benefit  if  they 
result  in  the  establishment  of  permanent  museums  of  Archeology 
at  the  several  capitals  and  foster  carefbl  research.  It  is  also 
greatly  to  be  hoped  that  they  will  take  action  at  once  in  relation 
to  the  preservation  of  some  of  the  most  important  of  the  ancient 
earthworks  of  the  west  and  south. 

Important  Announcement  ! 
Arrangements  have  been  made  bj'  which  Messrs.  H.  O.  Hough- 
ton &  Co.,  will  become  the  publishers  of  the  American  Naturalist^ 
beginning  with  Vol.  X,  1876.  Farther  announcements  will  be 
made  in  our  next  number.  Subscriptions  for  Volume  X  should 
accordingly  be  sent  to  II.  O.  Houghton  &  Co.,  Boston",  Mass. 
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ODONTORNITHES,  OR  BIRDS  WITH  TEETH.i 

BT   PROFESSOR   O.  O.  MARSB. 


Remains  of  birds  are  among  the  rarest  of  fossils^  and  few  have 
been  discovered  except  in  the  more  recent  formations.  With  the 
exception  of  ArcJiceopteryx  fVom  the  Jurassic,  and  a  single  species 
from  the  Ci*etaceoiis,  no  birds  are  known  in  the  old  world  below 
the  Tertiary.  In  this  country  niunerous  remains  of  birds  have 
been  found  in  the  Cretaceous,  but  there  is  no  satisfactory  evidence 
of  their  existence  in  any  older  formation^  the  thvee-toed  footprints 
of  the  Triassic  being  probably  all  made  by  Dinosaurian  reptiles. 

The  Museum  of  Yale  College  contains  a  large  series  of  remains 
of  bivd»  from  the  Cretaceous  deposits  of  the  Atlantic  coast  and 
the  Rocky  Mountain  region,  thirteen  species  of  which  have  already 
been  described  by  the  writer.  The  most  important  of  these  re- 
nuiins,  so  far  as  now  known,  are  the  OdontomiikeSy  or  birds  with^ 
teeth,  and  it  is  the  object  of  the  present  communication  to  give 
some  of  the  more  marked  characters  of  this  group,  reserving  the 
full  description  for  a  memoir  now  in  course  of  preparation. 

The  first  species  of  birds  in  which  teeth  were  detected  was 
Ichthyomis  dispar  Marsh,  described  in  1872.^  Fortunately  the 
type  specimen  of  this  remarkable  species  waa  in  excellent  preser- 
vation, and  the  more  important  portions  of  both  the  skull  and 

t'Pablished  in  part  in  the  American  Joarnal  of  Science,  Vol.  x,  Noveniljer,  1875. 
*  American  Joarnal  of  Science,  Vol.  iv,  p.  814,  and  vol.  y,  p.  74. 

Entered,  aoeordtng  to  Act  of  Conm'ess,  in  tlie  year  1875,  by  the  Pbabodt  Acadbxt  ov 
Scnuf CB,  ln<  the  OAee  of  the  Librarian  of  ConirreM,  at  Wasliin^ton.  ^ 
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skeleton  were  secured.  These  remains  indicate  an  aqaatic  bird, 
fully  adult,  and  about  as  large  as  a  pigeon. 

The  skull  is  of  moderate  size,  and  the  eyes  were  placed  well 
forward,-  The  lower  jaws  are  long,  rather  slender,  and  the  rami 
were  not  coossifled  at  the  symphysis.  In  each  lower  jaw  there 
are  twenty-one  distinct  sockets,  and  the  series  extends  over  Uie 
entire  upper  margin  of  the  dentary  bone  (Plate  II,  figures  1  and 
2).  The  teeth  in  these  sockets  are  small,  compressed  and  pointed, 
and  all  are  directed  more  or  less  backward.  X^e  crowns  are  cov- 
ered with  nearly  smooth  enamel.  The  maxillary  teeth  appear  to 
have  been  numerous,  and  essentially  the  same  as  those  in  the 
mandible.  Whether  the  premaxillary  bones  supported  teeth,  or 
were  covered  with  a  horny  beak,  cannot  be  determined  from  the 
present  specimen. 

The  scapular  arch  and  the  bones  of  the  wings  and  legs  all  con- 
form closely  to  the  true  avian  type.  The  sternum  has  a  promi- 
nent keel,  and  elongated  grooves  for  the  expanded  coracoids. 
The  wings  were  very  large  in  proportion  to  the  legs,  and  the 
humerus  had  an  extended  radial  crest.  The  metacarpals  are  cods« 
rifled,  as  in  recent  birds,  thus  differing  widely  from  those  of 
^rchoeqpteryx.  The  bones  of  the  posterior  extremities  are  slender, 
.and  .resemble  those  of  some  aquatic  birds.  The  centra  of  the 
vvertebrse  are  all  biconcave,  the  concavities  at  each  end  being  dis- 
>tlnct,.and  nearly  equal  (Plate  II,  figures  8  and  4).  The  sacrum 
is  elongated,  and  made  up  of  a  large  number  of  coossified  vertebrae. 
Whether  the  tail  was  elongated  or  not  cannot  at  present  be  de- 
cided. 

The  jaws  and  teeth  of  this  species  show  it  to  have  been  camiv- 
orous,.and  it  was  probably  aquatic.  Its  powerfbl  wings  indicate 
that  it  was  capable  of  prolonged  fiight. 

Another  Cretaceous  bird  .{Apatomis  cder  Marsh),  belonging 
apparently  to  the  same  order  as  Ichthyomisy  was  found  by  the 
writer  in  1872  in  the  same^geological  horizon  in  Kansas.  The  re- 
midna  preserved  indicate  an  individual  about  the  same  size  as 
IchJthyovnis  dispar^  but  of  more  slender  proportions.  The  vertebrse 
are  biconcave,  and  there  were  probably  teeth. 

The  most  interesting  bird  with  teeHh  yet  discovered  is  perhaps 
Hesperovnis  regoUiSy  a  gigantic  diver,  also  from  the  Cretaceous  of 
Kansas,  and  discovered  by  the  writer  in  1870.  The  type  specimen, 
which  was  found  by  the  writer  in  1871,  and  described  soon  after, 
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consisted  mainly  of  vertebrae  and  the  nearly  complete  posterior 
limbs,  all  in  excellent  preservation.^ 

A  nearly  perfect  skeleton  of  this  species  was  obtained  in 
Western  Kansas  by  Mr.  T.  H.  Russell  and  the  writer  in  Novem* 
ber,  1872,  daring  the  explorations  of  the  Yale  College  party, 
and  several  other  less  perfect  specimens  have  since  been  secured, 
and  are  now  in  the  Yale  Museum.  These  various  remains 
apparently  all  belong  to  one  species. 

The  skull  of  Heaperomis  has  the  same  general  form  as  that  in 
Colyinbus  torquatus  Briin.,  but  there  is  a  more  prominent  median 
crest  between  the  orbits,  and  the  beak  is  less  pointed.  The  brain 
cavity  was  quite  small.  The  maxillary  bones  are  massive,  and 
have  throughout  their  length  a  deep  inferior  groove  which  was 
thickly  set  with  sharp,  pointed  teeth.  These  teeth  had  no  true 
sockets,  but  between  their  bases  there  are  slight  projections  fh)m 
the  sides  of  the  grooves.  (Plate  III,  figure  2).  The  teeth  have 
pointed  crowns,  covered  with  enamel,  and  supported  on  stout 
fangs.  (Plate  III,  figure  la).  In  form  of  crown  and  base,  they 
most  resemble  the  teeth  of  Mosasauroid  reptiles.  The  method  of 
replacement,  also,  was  the  same,  as  some  of  the  teeth  preserved 
have  the  crowns  of  the  successional  teeth  implanted  in  cavities  in 
their  fangs.  The  maxillary  grooves  do  not  extend  into  the  pre- 
maxillaries,  and  the  latter  do  not  appear  to  have  supported  teeth. 
The  external  appearance,  moreover,  of  the  premaxillaries  seems 
to  indicate  that  these  bones  were  covered  with  a  homy  bill,  as  in 
modem  birds. 

The  lower  Jaws  are  long,  and  slender,  and  the  rami  were  united 
in  front  only  by  cartilage.  The  dentary  bone  has  a  deep  groove 
throughout  its  entire  length,  and  in  this,  teeth  were  thickly  planted, 
as  in  the  Jaws  of  Ichthyoaaurua.  The  lower  teeth  are  similar  to 
those  above,  and  all  were  more  or  less  recurved  (Plate  III,  fig.  2). 

The  scapular  arch  of  Hesperomia  presents  many  features  of 
interest.  The  sternum  is  thin  and  weak,  and  entirely  without  a 
ked.  In  fW>nt,  it  resembles  the  sternum  of  Apteryx^  but  there  are 
two  very  deep  posterior  emarginations,  as  in  the  Penguins.  The 
scapula  and  coracoid  are  very  small.  The  wing  bones  are  dimin* 
utive,  and  the  wings  were  rudimentary,  and  useless  as  organs  of 
either  flight  or  swimming. 

The  vertebrae  in  the  cervical  and  dorsal  regions  are  of  the  true 

•  1  AmerioAn  Joarnal  of  Science,  Hi,  S60,  May,  UTS. 
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ornithic  type,  the  articular  faces  of  the  centra  being  quite  as  in 
modern  birds  (Plate  III,  figures  3  and  4).  The  sacrum  is  elon- 
gated, and  resembles  that  in  recent  diving  birds.  The  last  sacral 
vertebra  is  quite  small.  The  caudal  vertebrse,  which  are  about 
twelve  in  number,  are  very  peculiar,  and  indicate  a  structure  not 
before  seen  in  birds.  The  anterior  caudals  are  short,  with  high 
neural  spines  and  moderate  transverse  processes.  The  middle 
and  posterior  caudals  have  very  long  and  horizontally  expanded 
transverse  processes,  which  restrict  lateral  motion,  but  clearly  in- 
dicate that  the  tail  was  nK>ved  vertically,  probably  in  diving. 
The  last  three  or  four  caudal  vertebrae  are  firmly  coossified,  form- 
ing a  flat  terminal  mass,  analogous  to,  but  quite  unlike,  the 
"ploughshare"  bone  of  modern  birds.  The  anterior  two  at  least 
of  these  caudals  have  expanded  transverse  processes. 

The  pelvic  bones,  although  avian  in  VP®>  ^^^  peculiar,  and  pre- 
sent some  well  marked  reptilian  features.  A  resemblance  to  the 
corresponding  bones  of  a  Cassowary  is  at  once  evident,  especially 
in  a  side  view,  as  the  ilium,  ischium,  and  pubis  all  have  their  pos- 
terior extremities  separate.  The  two  latter  are  slender,  and  also 
free,  back  of  their  union  with  the  ilium  at  the  acetabulum.  The 
ischium  is  spatulate  at  its  distal  end,  and  the  pubis  rodlike.  The 
acetabulum  differs  from  that  in  all  known  birds,  in  being  closed 
internally  b}*  bone,  except  a  foramen,  that  perforates  the  inner 
wall. 

The  femur  is  unusually  short  and  stout,  much  flattened  antero- 
posteriorly,  and  the  shaft  curved  forward.  It  somewhat  resem- 
bles in  form  the  femur  of  Colymhus  torquatus  Briin.,  but  the  great 
trochanter  is  proportionally  much  less  developed  in  a  fore-and-aft 
direction,  and  the  shaft  is  much  more  flattened.  The  tibia  is 
straight  and  elongated.  Its  proximal  end  has  a  moderately  devel- 
oped cnemial  process,  with  an  obtuse  apex.  The  epi-cnemial  ridge 
is  prominent,  and  continued  distally  about  one-half  the  length  of 
the  shaft.  The  distal  end  of  the  tibia  has  on  its  anterior  face  no 
ossified  supratendinal  bridge,  differing  in  this  respect  from  nearly 
ail  known  aquatic  birds.  The  fibula  is  well  developed,  and  resem- 
bles that  of  the  Divers.  The  patella  is  large,  as  in  PodicepSj  and 
in  position  extends  far  above  the  elevated  rotular  process  of  the 
tibia. 

The  tarso-metatarsal  bone  is  much  compressed  transversely,  and 

resembles  in  its  main  features  that  of  Colymbus.    On  its  anterior 
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face  there  is  a  deep  groove  between  the  third  and  fourth  metatarsal 
elements,  bounded  on  its  outer  margin  by  a  prominent  rounded 
ridge,  which  expands  distally  into  the  free  articular  end  of  the 
fourth  metatarsal.  This  extremity  projects  far  beyond  the  other 
two,  and  is  double  the  size  of  either,  thus  showing  a  marked 
difference  ft'om  any  known  recent  or  fossil  bird.  There  is  a 
shallow  groove,  also,  between  the  second  and  third  metatarsals. 
The  second  metatarsal  is  much  shorter  than  the  third  or  fourth, 
and  its  trochlear  end  resembles  in  shape  and  size  that  of  the 
former.  The  existence  of  a  hallux  is  indicated  by  an  elongated 
oval  indentation  on  the  inner  margin  above  the  articular  face  of 
the  second  metatarsal.  The  fVee  extremities  of  the  metatarsals 
have  the  same  oblique  arrangement  as  in  the  Oolymbidoe^  to  facili- 
tate the  forward  stroke  of  the  foot  through  the  water.  There  are 
no  canals  or  even  grooves  for  tendons  on  the  posterior  face  of  the 
proximal  end,  as  in  the  Divers  and  most  other  birds ;  but  below 
this,  there  is  broad,  shallow  depression,  extending  rather  more 
than  half  way  to  the  distal  extremity. 

The  phalanges  are  shorter  than  in  most  swimming  birds.  Those 
of  the  large,  external  toe  are  very  peculiar,  although  an  approach 
to  the  same  structure  is  seen  in  the  genus  Podiceps.  On  the  outer, 
inferior  margin,  they  are  all  deeply  excavated.  The  first,  second, 
and  third  have,  at  their  distal  ends,  a  single,  oblique,  articular 
face  on  the  inner  half  of  the  extremity,  and  the  outer  portion  is 
produced  into  an  elongated,  obtuse  process,  which  fits  into  a 
corresponding  cavity  in  the  adjoining  phalanx.  This  peculiar 
articulation  prevents  fiexion  except  in  one  direction,  and  greatly 
increases  the  strength  of  the  joints.  The  terminal  phalanx  of  this 
toe  was  much  compressed.  The  third,  or  middle  toe,  was  greatly 
inferior  to  the  fourth  in  size,  and  had  slender,  compressed  pha- 
langes, which  correspond  essentially  in  their  main  features  with 
those  of  modem  Divers. 

The  remains  preserved  of  Hesperomis  regalis  show  that  this 
species  was  larger  than  any  known  aquatic  bird.  All  the  speci- 
mens discovered  are  in  the  Yale  Ck>llege  Museum,  and  agree  es- 
sentially in  size,  the  length  iVom  the  apex  of  the  bill  to  the  end  of 
the  toes  being  between  five  and  six  feet.  The  habits  of  this  gi- 
gantic biixl  are  clearly  indicated  in  the  skeleton,  almost  every  part 
of  which  has  now  been  found.  The  rudimentary  wings  prove  that 
flight  was  impossible,  while  the  powerful  swimming  legs  and  feet 
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were  peculiarly  adapted  to  rapid  motion  through  the  water.  The 
tail  appears  to  have  been  much  expanded  horizontally,  as  in  the 
Beaver,  and  doubtless  was  an  efficient  aid  in  diving,  perhaps  com- 
pensating in  part  for  want  of  wings,  which  the  Penguins  use  with 
so  much  effect  in  swimming  under  water.  That  Hesperomis  was 
carnivorous  is  clearly  proven  by  its  teeth ;  and  its  food  was  prob- 
ably, fishes. 

The  zoological  position  of  Hesperomis  is  evidently  in  the 
OdorUomithes;  but  the  insertion  of  the  teeth  in  grooves,  the  ab- 
sence of  a  keel  on  the  sternum,  and  the  wide  difference  in  the 
vertebrae  require  that  it  be  placed  in  a  distinct  order,  which  may 
be  called  Odontolcce,  in  allusion  to  the  position  of  the  teeth  in 
grooves. 

The  two  orders  of  birds  with  teeth  would  then  be  distinguished 
as  follows:  — 

Sub-Class,  ODONTORNITHES  (or  AVES  DENTATE). 

A.  Teeth  in  sockets.    Vertebrs  biconcave.    Sternum  with  keel.    Wings 

well  developed. 

Order,  Odontotorm^' 

B.  Teeth  In  grooves.    Vertebrs  as  in  recent  birds.    Stemom  without 

keel.    Wings  radimentary. 

Order,  OnoNTOLCiic. 

In  comparing  IcfUhyomis  and  Hesperomis^  it  will  be  noticed  that 
the  combination  of  characters  in  each  is  very  remarkable,  and  quite 
the  reverse  of  what  would  naturally  be  expected.  The  former  has 
teeth  in  distinct  sockets,  with  biconcave  vertebrse ;  while  the  latter 
has  teeth  in  grooves,  and  yet  vertebrse  similar  to  those  of  modem 
birds.  In  point  of  size,  and  means  of  locomotion,  the  two  pre- 
sent the  most  marked  contrast.  The  fact  that  two  birds,  so  en- 
tirely different,  living  together  during  the  Cretaceous,  should  have 
been  I'ecovered  in  such  perfect  preservation,  suggests  what  we  may 
yet  hope  to  learn  of  life  in  that  period. 

The  geological  horizon  of  all  the  Odontomithes  now  known  is 
the  Upper  Cretaceous.  The  associated  vertebrate  fossils  are 
mainly  Mosasauroid  reptiles  and  Pterodactyls. 

iThe  name  IchthyomUhei,  first  proposed  for  this  order  by  the  writer,  prores  to  be 
preoccupied,  and  Odantotormm  may  be  substitnted.  The  name  IckShifarnida  may  be 
retained  for  the  CunUy.—  O.  C.  M. 
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Explanation  of  Plates. 

Plate  II.— IcfUhyomis  diapar  Marsh.    Twice  natural  size. 

Figure  1.  Left  lower  Jaw;  side  view. 

Figure  2.  Left  lower  jaw ;  top  view. 

Figure  8.  Cervical  vertebra ;  side  view. 

Figure  4.  Same  vertebra ;  fh)nt  view. 
Plate  in. — Hesperomis  regalU  Marsh. 

Figure  1.  Left  lower  Jaw ;  side  view ;  half  natural  size. 

Figure  la.  Tooth ;  four  times  natural  size. 

Figure  2.  ^eft  lower  Jaw ;  top  view ;  half  natural  size. 

Figure  8.  Dorsal  vertebra;  side  view;  natural  size. 

Figure  4.  Same  vertebra;  Aront  view;  natural  size. 
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In  the  adult  Amphiozus,  we  behold  a  vertebrate  without  a  true 
back  bone,  but  a  dorsal  cord  like  that  of  certain  larval  Ascidians ; 
with  no  brain,  no  true  heart,  but  with  a  vascular  system  resembling 
that  of  worms ;  with  primitive  kidneys  like  the  segmental  organs 
of  worms,  and  with  the  front  end  of  the  alimentary  canal  perforated 
with  gill-slits,  like  those  of  Ascidians  and  the  Balanoglossus  worm 
rather  than  vertebrates.  Viewing  the  body  externally,  it  has  no 
true  head  as  in  fishes,  nor  appendages  supported  by  bony  axes,  like 
the  fins  and  arms  or  legs  of  viertebrates.  Yet  on  making  a  section 
of  the  body,  the  relation  of  the  chief  anatomical  organs  is  on  the 
vertebrate  plan,  a  nerve-cavitjv being  situated  above  the  digestive 
cavity,  the  vicarious  back  bone,  or  chorda  dorsalis^  separating  the 
two  cavities. 

Development  of  Amphioxtis,  Again  when  we  study  the  develop- 
ment of  Amphioxus,  we  shall  find,  that  while  there  are  important 
points  in  which  the  embryology  of  this  animal  differs  much  from 
that  of  the  higher  vertebrates ;  still,  as  observed  by  Balfour,  ^'all 
the  modes  of  development  found  in  the  higher  vertebrates  are  to 
be  looked  upon  as  modifications  of  that  of  Amphioxus." 

For  the  life-history  of  the  lancelet,  we  turn  to  Kowalevsky's 
classical  memoir.  He  found  the  eggs  issuing  in  May  flrom  the 
mouth  of  the  female,  and  fertilized  by  spermatic  particles  likewise 
pouring  out  from  the  mouth  of  the  male.  The  eggs  ar^  very  small, 
0.105  millimetres  in  diameter.  The  eggs  undergo  total  segmenta- 
tion, exactly  as  in  the  siK)nge,  the  ascidian,  the  mammal,  and 
even  as  in  man,  and  leaving  a  segmentation  cavity  which  becomes 
the  body-cavity. 

The  blastoderm  now  in  vagi  nates  and  the  embryo  swims  about  as 
a  ciliated  gastrula,  comparable  with  that  of  the  sponge,  or  Sagitta 
(Fig.  179).  The  body  is  now  oval,  and  the  germ  does  not  differ 
much  in  appearance  from  a  worm,  starfish,  snail  or  ascidian  in  the 
same  stage  of  growth.    No  vertebrate  features  are  yet  developed. 

Soon  the  lively  ciliated  gastrula  elongates,  the  alimentary  tube 
arises  from  the  primitive  gastrula-cavity,  whUe  the  edges  of  the 
(682) 
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flattened  side  of  the  body  grow  up  as  ridges  which  afterwards, , as 
in  all  vertebrate  embryos,  grow  over  and  enclose  the  spinal  cord. 
By  this  time  the  transverse  muscular  bands  appear. 

By  the  time  the  embryo  is  twenty-four  hours  old  it  assumes  the 
form  of  a  ciliated  flattened  cylinder^  with  both  ends  much  alike. 
It  is  now  somewhat  like  the  Ascidlan  embryo  (Fig.  217,  B^  n), 
there  being  a  nerve-cavity,  the  nerve-tube,  with  an  external  open- 
ing, which  afterwards  closes. 

The  vertebrate  character,  namely,  the  embryonic  back  bone 
(chorda  dorsalis)  has  now  appeared,  and  extends  to  the  ft'ont  end, 
beyond  the  end  of  the  brain,  instead  of  being  confined  to  the  pos- 
terior portion  of  the  body  as  in  the  Ascidians  (Fig.  217,  B,  x). 

In  the  next  stage  observed  by  the  Russian  embr>*ologist,  the 
Amphioxus-form  was  attained,  the  body  being  compressed  and 
deeper  in  the  region  of  the  mouth,  though  there  is  no  true  head. 
The  first  gill-opening  now  appears,  the  mouth  having  previously 
been  formed,  and  afterwards  twelve  such  openings  appear;  the 
pharynx  is  thus  provided  with  ciliated  slits,  as  in  the  ascidians, 
the  Balanoglossus ;  and,  on  the  other  hand,  all  embryo  vertebrates. 
The  embryo  lancelet  is  still  ciliated,  but  these  swimming-hairs 
disappear  eventually  and  the  young  animal  seeks  the  bottom  and 
burrows  finally  in  the  sand.  When  the  larval  Amphioxus  is  still 
very  small,  the  body  is  not  symmetrical,  the  mouth  is  far  on  one 
side,  and  on  the  lower  edge  is  a  circle  of  external  filaments  sur- 
rounding the  mouth,  comparable  with  those  of  the  ascidians,  the 
clam  or  certain  worms. 

It  seems  to  result  fh>m  these  and  other  facts,  not  here  presented, 
that  while  the  Amphioxus  is  a  low,  embi-yonic  vertebrate,  which 
graduates  into  the  fishes  through  the  lamprey  and  myxine,  the 
early  history  of  Amphioxus  unmistakably  points  back  to  worm- 
like parents ;  and  on  the  other  hand  that  of  the  vertebrates  indi- 
cates their  descent  from  an  Amphioxus-like  ancestor. 

Briefly  recapitulating  the  chief  events  in  the  life  of  the  lancelet, 
we  find  the  following  well  ;narked  stages : 

1.  Morula. 

2.  Gastrula  (ciliated). 
8.   Ascidian-like  larva. 

4.    Adult.  UTERATURB. 

Kowalevtky.  Eotwickelnngsgesohichte  dea  Amphiozat  lanoeolatoi.  (Memoirei  d« 
PAoad.  Imp.  dM  Sciencos  de  St  PeCtosbonrf » 1S87). 
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^Development  of  the  Sharks  and  Skates  {Selachians).  These 
fishes  are  either  oviparous  or  viviparous.  The  dog-fish  brings 
forth  her  young  alive,  while  the  skates  and  many  sharks  lay  square 
eggs  like  those  of  the  skate  (Fig.  285,  after  Wyman),  each  comer 
sending  out  a  tendril  by  which  it  is  attached  to  sea-weeds.  The 
yolk  is  not  enclosed  in  any  membrane  like  the  vitelline  membrane 

of  birds,  but  lies  freely 
in  a  viscid  albumen  fill- 
ing the  egg-capsule  (Bal- 
four). 

We  will  now,  in  order 
to  make  out  a  tolerably 
complete  life-history  of  a 
Selachian,  condense  Bal- 
four's account  of  the  early 
stages  of  the  dog-fish 
(Mnstelus),  and  close 
with  the  latter  stages  of 
the  skate,  as  given  by 
the  late  Professor  Wy- 
man. The  blastoderm  or 
germinal  disk  is  a  large 
round  spot  darker  than 
the  rest  of  the  yolk  and 
marked  off  from  the  rest 
of  the  yolk  by  a  dark 
line  (really  a  shallow 
groove).  Segmentation 
Egg  of  the  Skate.  ^"^"^^  ^^^^  ^  described 

in  the  bony  fishes,  rep. 
tiles  and  birds.  The  upper  germ-layer  (epiblast)  arises  much  as 
in  the  bony  fishes,  the  Batrachians  and  birds,  while  the  two  inner 
germ-layers  are  not  clearly  indicated  until  a  considerably  later 
stage.  The  segmentation-cavity  is  formed  much  as  in  the  bony 
fishes.  There  is  no  invagination  of  the  outer  germ-layer  to  .form 
the  primitive  digestive  cavity  and  anus  of  Rusconi,  as  in  Amphi- 
ozus,  the  Lamprey,  sturgeon  and  Batrachians,  but  the  Selachians 
agree  with  the  bony  fishes,  the  reptiles  and  birds,  in  having  the 
alimentary  canal  formed  by  an  infolding  of  the  innermost  germ- 
layer,  and  with  no  anus  of  Ensooni,  the  digestive  canal  remaining 
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Fig.  886. 


Embryo  Skate. 


Fig.  287. 


in  communication  with  the  yolk  for  the  greater  part  of  embryonic 

life  by  an  umbilical  canal.  This 
mode  of  origin  of  the  digestive 
cavity,  Balfour  regards  as  second- 
ary and  adaptive,  no  "ga^trula" 
(HsBckel)  being  formed  as  in  Am- 
phioxus,  etc.  The  embryo  now 
rises  up  as  a  distinct  body  fi*om 
the  .blastoderm,  just  as  in  other 
vertebrates,  and  there  is  a  medul- 
lary groove  along  the  middle  line, 
and  by  the  time  this  has  appeared 
the  middle  and  inner  germ-layers  are  closely  indicated.  And  now 
development  goes  on  much  as  in  the  chick. 

At  this  time  the  embr3'0  dog-fish  externally  resembles  the  young 
trout;  the  chief  difference  is  an  internal  one,  the  outer  germ- 
layer  not  being  divided 
into  a  nervous  and  epi- 
dermal sub-layer  as  in 
the  bony  fishes. 

The  next  external 
change  is  the  division 
of  the  tail-end  into  two 
caudal  lobes.  The  no- 
tochord  arises  as  a  rod- 
like thickening  of  the 
third  germ-layer,  ftrom 
which  it  afterwards  en- 
tirely separates,  so  that 
the  germ,  if  cut  trans- 
versely, would  appear 
somewhat  as  in  the  em- 
bryo bird  (Fig.  804). 

Now  the  protovertebrsB  arise,  and  about  this  time  the  throat 
becomes  a  -closed  tube.  The  head  is  now  formed  by  a  singular 
flattening-out  of  the  germ,  like  a  spatula,  while  the  medullary 
groove  is  at  first  entirely  absent.  The  brain  then  forms,  with  its 
three  divisions  into  a  fore,  middle  and  hind  brain.  Soon  about 
twenty  primitive  vertebrae  arise,  and  by  this  time  the  embryo  is 
very  similar,  in  external  form,  to  any  other  vertebrate  embryo,  and 
finally  hatches  in  the  form  of  the  adult. 


Fig.MS. 


Side  Tiew  of  head  of 
Ftg.a87. 


More  adTanced  Em- 
bryo Skate. 
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Not  80,  however,  with  the  skate  (Baia  batis)  as  it  presents  an 

yj    jgg  additional  chapter  in  its  life-history, 

discovered    by  Professor  W3'man. 

Fig.  286  (this  and  those  following 

after    Wyman)   shows    the    young 

skate  resting  on  the  large  yolk-sac. 

It  is  eel-shaped,  the  dorsal  (c)  and 

(d)  anal  fins  extending  to  the  end 

.  of  the  tail  as  in  the  eel.    Fig.  287 

represents  a  more  advanced  embryo, 

4*  showing  at  a  and  b  the  pectoral  and 

ventral  fins,  and  at  d,  the  temporary 

anal.    Fig.  288  is  a  side  view  of  the 

o^   ^  ,.     ^      ,u      «^  same   enlarged   (a,  first  branchial 

Sbark-tbaped  embrjo  Skate.  ,      ^         ^   '  . 

fissure,  largest  at  its  outer  end; 
this  enlarged  portion  corresponds  with  the  fhture  spiracle ;  &,  the 
inner  end ;  the  first  arch  is  in  front  of  the  fissure ;  6^  the  second 
fissure,  in  fh>nt  of  which  is  the  second  arch,  bearing  a  fringe ;  c, 
nasal  fossa ;  d,  projection  of  the  optic  lobes ;  e,  cerebral  lobes.) 

Soon  after  the  embryo  skate  becomes  shark-shaped,  as  in  Fig. 
289,  while  Figs.  290  and  291,  represent  a  lateral  and  dorsal  view 
of  the  embryo  (6,  facial  disk ;  a,  pectoral ;  c,  ventral  fin  ;  e,  gill- 
Fig.  890. 


More  adTEDced  embryo  of  Skate. 

fiinges).  There  are  at  first  seven  branchial  fissures,  the  most 
anterior  of  which  is  converted  into  the  spiracle,  which  is  the  ho- 
molc^ue  of  the  Eustachian  tube  and  the  outer  ear-canal;  the 
seventh  is  wholly  closed  up,  no  trace  remaining,  while  the  five 
others  remain  permanently  open. 

Fig.  292  represents  the  newly  hatched  skate,  when  the  form  of 
the  adult  is  closely  approached  (a,  yolk-sac  in  the  cavity  of  the 
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abdomen,  connecting  with  the  intestine,  b;  c,  embryonic  portion 
of  the  tail  which  disappears  in  the  adult  (Wyman). 

A  condensed  summary  of  the  chief  events  in  the  life  of  a  Se- 
lachian, is  as  follows : — 

1.  Partial  segmentation  of  the  germinal  disk. 

2.  The  embryo  arises  as  a  distinct  body  from  the  germinal 
disk  (the  "  gastrula 'Vcondition  being  suppressed). 

Fig.  292. 
d  .      e 


Fig.  291. 


Dorsal  view  of  Fig.  290. 


Newly-hatched  Skate. 

3.  The  embryo  appears  like  that  of  any  other  vertebrate,  until 
finally 

4.  The  shark  or  skate  form  is  assumed  just  before  birth,  or 
hatching  from  the  egg, 

5.  The  ^kates  pass  through  a  shark-like  form,  before  attaining 
the  adult  shape. 

.  LITERATURE, 

Wynum.   Obsenrations  on  the  Derelopmeiit  of  Bala  batU,   (Memoirs  Amer.  Acad. 
8c.,  1864). 
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Bambekt,  Reoherches  rar  le  Dereloppnient  da  Peiobatm  ^ucu9  (Ktfmoiret  oomron- 
ii<8  Acad.  Belgiqae,  S4, 1870.) 

Balfour.  A  preliminary  Account  of  the  Derelopnent  of  the  Elaamobranch  Flsbes. 
(Quart.  Jour.  Micr.  Science,  1874.) 

Developmeni  of  (he  bony  Fishes,  During  their  reproductive  sea- 
son, the  bony  fishes,  such  as  the  strikleback,  salmon  and  pike, 
are  more  highly  colored  than  at  other  times,  the. males  being  es- 
pecially brilliant  in  their  hues,  while  other  secondary  sexual  char- 
acters are  developed.  The  female  deposits  her  eggs  either  in 
masses  at  the  surface  of  the  water,  as  in  the  cod  and  goose  fish, 
or  at  the  bottom  on  gravel  or  sand  as  in  most  other  fishes,  the 
male  passing  over  them  and  depositing  his  ^^  milt "  or  spermatic 

Fig.  888.  Fig.  294. 


bat  burst. 

Fig.  296.  Fig.  296. 


The  same  a«  Fig.  294»  The  same  as  Fig.  294, 

seen  in  profile  ftrom  seen  in  profile  Arom 

the  right  side.  the  left  side. 

particles.    The  egg  has  a  thin  transparent  shell,  and  the  yolk  is 
small,  covered  with  a  thick  laj'er  of  the  '*  white." 

The  eggs  after  fertilization  undergo  partial  segmentation,  the 
primitive  streak,  notochord,  nervous  cord  and  brain  developing 
much  as  described  in  the  section  on  the  embryology  of  birds. 
That  the  embryo  before  us  is  a  fish  is  soon  determined  by  the 
absence  of  an  amnion  and  allantois,  and  by  the  fact  that  the  germ 
lies  Aree  oyer  the  yolk  like  a  band.    Figs.  298, 294,  295,  296  (cop. 
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led  by  Agassiz  ^  from  Rathke),  represent  an  advanced  stage  of  the 
embryo  Bienny  {Zoarces  viviparus)  in  various  positions,  with  the 
eyes,  gill  arches,  fins  and  vitelline  network  of  blood  vessels  on 
the  outer  surface  of  the  yolk  sac. 

In  the  pike  the  heart  begins  to  beat  about  the  seventh  day,  and 
by  this  time  the  alimentary  canal  is  marked  out.  The  primitive 
kidneys  are  developed  above  the  liver.  The  air-bladder  (probably 
the  homologue  of  the  lungs  of  higher  vertebrates)  arises  as  an 
offshoot  opposite  the  liver  from  the  alimentary  canal,  and  the  gall- 
bladder is  also  originally  a  diverticulum  of  the  intestine.  The 
urinary  bladder  in  the  fish  is  supposed  to  be  the  homologue  of  the 
allantois  of  the  higher  vertebrates.  The  principal  external  change 
is  the  appearance  of  the  usually  large  pectoral  fins. 

The  embryo  pike  hatches  in  about  twelve  days  after  develop- 
ment begins  and  swims  about  with  the  large  yolk  bag  attached, 
and  it  is  some  seven  or  eight  days  before  the  young  fish  takes 
food,  living  meanwhile  on  the  yolk  mass.  The  perch  hatches  in 
twelve  days  after  the  egg  is  fertilized,  and  swims  about  for  eight 
or  ten  days  before  the  yolk  is  absorbed.  The  vent  opens  in  the 
pike  four  days,  and  in  the  perch  six  days,  after  hatching.  The 
gills  gradually  develop  as  the  yolk  is  absorbed. 

The  tail  in  most  bony  fishes  (the  Gadidae  excepted,  according 
to  Owen),  is  heterocercal  as  in  the  maturer  sharks,  but  subse> 
quently  after  the  fish  has  swam  about  for  a  while  and  increased  in 
size  it  becomes  homocercal  or  symmetrical.  The  scales  are  the 
last  to  be  developed. 

In  the  large  size  of  the  pectoral  fins,  the  position  of  the  mouth, 
which  is  situated  far  back  under  the  head,  the  heterocercal  tail,  the 
cartilaginous  skeleton  and  uncovered  gill-slits,  the  embryo  salmon, 
pike,  perch,  etc.,  as  Owen  observes,  manifest  transitory  characters 
which  are  permanent  in  sharks  {SeUichii), 

A  summary  of  the  changes  undergone  in  the  bony  fishes  is  as 
follows : 

1.  Segmentation  partial. 

2.  A  gastrula-condition  in  the  lamprey  and  sturgeon,  but  not 
in  the  bony  fishes  (trout,  etc). 

8.  The  embryo  arises  as  in  any  other  vertebrate. 

^The  Structare  and  Growtii  of  Domesticated  Animals,**  20tb  Ann.  Report  of  the 
Secretary  of  the  Maasacliaeetts  Board  of  Agricnltim.  Boston,  187S.  These  were 
kindlj  loaned  by  Mr.  O.  L.  FUnt,  the  Secretary. 
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4.  Adnlt  form  attained  at  the  time  of  hatching  or  birth,  in  the 
viviparous  species;  certain  forms  undergoing  slight  metamor- 
phosis. 
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Development  of  the  Amphibia.  Passing  by  the  Dipnoa  (Cera- 
todus,  Protoptcrus  and  Lepidosiren)  of  whose  development  we  as 
yet  are  totally  ignorant,  and  the  Simosauria,  Plesiosauria  and 
Ichthyosauria,  we  come  to  the  salamanders  and  toads  and  frogs, 
or  Amphibia.  The  early  history  of  the  extinct  Archegosaurus, 
Dend^erpeton  and  Labyrinthodonts  died  with  them,  and  we  can 
only  predicate  from  the  imperfectly  known  structure  of  the  adult 
forms  that  their  young  possibly  developed  in  a  manner  like  that 
of  the  Irving  batrachians. 

As  in  the  fishes  the  batrachians  are  most  highly  colored  during 
the  breeding  season.  The  males  of  certain  newts  acquire  the 
dorsal  crest  and  a  broader  tail-fin,  aiding  in  the  process  of  fecunda- 
tion (Owen),  and  other  secondary  sexual  features  are  added,  es- 
pecially to  the  male  during  the  reproductive  season.  After  an 
imperfect  sexual  union  the  salamanders  deposit  their  eggs  on  the 
leaves  of  aquatic  plants.  The  eggs  of  the  toad  are  laid  in  long 
strings,  those  of  the  frog  in  masses.  In  these  creatures  each  egg 
is  fertilized  as  it  is  extruded,  and  the  egg  then  swells  greatly,  the 
yolk  appearing  as  a  dot  in  the  large  jelly-like  mass  surrounding  it. 

Until  we  have  a  detailed  embryology  of  the  Amphibians,  studied 
in  the  light  of  the  newer  school  of  embrj^ology,  the  reader  must 
be  content  with  the  following  summary  of  Owen's  account  in  his 
"Anatomy  of  Vertebrates." 

The  segmentation  of  the  egg  in  the  Amphibia  is  total,  the  pro- 
cess beginning  usually  about  three  hours  after  impregnation  in 
the  ftog,  and  lasting  twenty-four  hours.  The  primitive  streak, 
the  notochord  and  nervous  system  then  arise  as  in  other  craniated 
Vertebrates.  After  the  appearance  of  the  branchial  arches,  the 
gills  begin  to  bud  out  firom  them,  finally  forming  the  larger  gills 
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of  the  tadpole.  The  embryo  now  rests  on  the  large  yolk  sac, 
much  as  in  the  embryo  fish,  but  this  is  entirely  absorbed  before 
the  embryo  leaves  the  egg.  Before  the  yolk-sac  is  absorbed  a 
communication  opens  between  the  alimentary  canal  and  the 
branchial  cavity  in  the  head  (bucco-branchial  cavity  of  Owen), 
^^  and  this  opens  externally  on  the  lower  part  of  the  head  by  a 
vertical  fissure,  on  each  side  of  which  a  small  protuberance  buds 
out,  forming  a  special  organ  of  adhesion  —  a  pair  of  temporary 
cephalic  limbs."  (Owen.)  Now  the  gills  having  got  their  growth, 
the  remnant  of  the  yolk  enclosed  by  the  abdominal  walls,  and 
the  tail  well  developed,  the  tadpole  bursts  its  egg  membrane  and 
swims  about  ft'eely.  In  Italy,  Rusconi  found  that  the  tadpoles 
hatched  in  four  days,  in  England  they  hatch  in  five  days,  and  the 
period  may  be  prolonged  to  four  weeks  by  cold  weather.  It  is  a 
common  sight  in  Maine  to  see  frogs'  eggs  laid  in  ponds  still  con- 
taining ice  and  snow. 

The  tadpole  is  much  less  developed  than  the  larval  fish  or  any 
other  vertebrate ;  the  intestine  is  not  yet  formed,  and  in  other  im- 
portant characters  it  is  lower  m  organiaation  than  the  freshly 
hatched  fish.  It  is  also  a  vegetarian,  eating  decaying  leaves ;  the 
mouth  is  small  and  round,  the  alimentary  canal  is  remarkabl}'  long, 
the  intestine  coiled  up  in  a  spiral,  the  mouth  is  small,  destitute  of 
a  tongue  and  the  beak  unarmed  with  teeth.  ^^About  the  middle 
period  of  aquatic  life  the  true  or  permanent  kidneys  begin  to  be 
fbimed  from  and  upon  the  primordial  ones ;  and  the  basis  of  the 
ovaria,  or  testes,  may  now  be  discerned.  The  oviduct  is  soon 
distinct  from  the  ureter ;  but  the  testes  retain  the  same  excretory 
duct  as  the  kidneys ;  their  vasa  deferetitia  communicate  with  re- 
tained cseca  of  the  primordial  kidneys  before  penetrating  the  later 
glands ;  the  upper  or  anterior  ends  of  the  first  remain  for  some 
time  behind  the  heart."     (Owen.) 

*'  Soon  after  the  external  gills  have  reached  their  full  develop- 
ment they  begin  to  shrink,  and  finally  disappear ;  but  the  branch- 
ial circulation  is  maintained  some  time  longer  upon  the  internal 
gills ;  these  consist  of  numerous  short  tuft-like  processes  from  the 
membrane  covering  the  cartilaginous  branchial  arches ;  they  are 
protected  by  the  gi'owth  of  a  membranoiTs  gill-cover,  which,  as  the 
external  branchisB  are  absorbed,  leaves  only  one  small  exteraal 
orifice,  by  which  the  branchial  streams,  admitted  by  the  mouth, 
continue  to  be  expelled.     The  chief  distinction  between  the  fully 
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developed  branchial  circulation  in  the  Batrachian  larva  and  that  of 
the  fish  consists  in  the  presence  of  small  anastomosing  channels, 
between  the  branchial  artery  and  vein  of  each  gill,  proximad  of  the 
gill  itself.  The  tongue  makes  its  appearance  when  the  fore  limbs 
are  developed." 

The  vertebrae  of  the  tadpole  are  biconcave,  but  in  the  change  to 
the  adult  are  converted  into  cup-and-ball  joints,  by  ossification  of 
the  substance  of  the  cavities,  and  its  coalescence  either  with  the 
fore  (Pipa)  or  back  (Rana)  part  of  the  centrum.  The  remarkable 
changes  in  the  hyo-branchial  apparatus  and  the  skull  ai^e  described 
by  Owen. 

The  accompanying  figures  (from  Tenney's  Zoology)  represent 
the  external  changes  of  the  toad  from  the  time  it  is  hatched  until 
the  form  of  the  adult  is  attained.  The  tadpoles  of  our  American 
toad,  as  observed  in  the  European  toad  by  Owen,  are  smaller  and 
blacker  in  all  stages  of  growth  than  those  of  the  frog.  The  tadpole 
is  at  first  without  any  limbs  (Fig.  297)  ;  soon  the  hinder  pair  bud  out. 
After  this  stage  (Fig.  298)  is  reached,  the  body  begins  to  diminish 
in  size.    The  next  important  change  is  the  growth  of  the  front 

Fig.  299.  F\g.2Se, 


Fig.  297. 
Fig.  300. 


Metamorphosis  or  the  Toad. 

legs  and  the  partial  disappearance  of  the  tail  (Fig.  299),  while 
very  small  toads  (Figs.  300  and  801),  during  midsummer,  may  be 
found  on  the  edges  of  the  pools  in  which  some  of  the  nearly  tail- 
less tadpoles  may  be  seen  swimming  about.  When  the  tadpoles 
are  hatched  late,  the  gills  are  often  retained  through  the  winter, 
as  large  tadpoles  of  frogs  are  often  found  in  pools  by  breaking 
through  the  ice.  It  is  three  years,  according  to  Owen,  before  tlie 
Amphibia  are  capable  of  breeding. 

"In  the  newts  (Triton)  the  gills  are  in  three  pairs,  larger  and 
more  complex  than  in  the  frog ;   the  fore  limbs  are  the  first  to 
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emerge,  and  the  gills  persist  long  after  the  hind  limbs  are  devel- 
oped."    (Owen).     While  as  a  rule  the  eggs  of  newts  or  salaman- 
ders are  laid  in  the  water,  the  red-backed  salamander  lays  its  eggs 
Fig.  302.  *     ^^  damp  places  on  land,  though  the  young 

are  provided  with  gills.  Fig.  302  (after 
Hoy)  represents  the  young  of  Amhlyatoma 
lunda  on  the  tenth  day  after  hatching,  the 
lower  figure  the  natural  size  of  the  freshly 
hatched  young.  In  the  Surinam  toad  and 
LaiTai  Salamander.        jj^,^^  ^^  ^^^  ^^^^^^  ^^  Mauritius  there  is  no 

metamorphosis,  the  young  hatching  with  the  form  of  the  adult. 
The  Siredon  or  Axolotl  of  Mexico,  according  to  Dumeril,  lays 
eggs,  though  a  larva,  while,  ng,  303. 

as  in  the  Axolotl,  the  lar- 
va of  Amblystoma  mavor" 
<tum,  originally  described 
as  an  adult  animal  under 
the  name  of  Siredon  Hche- 
iioides  (Fig.  303,  from  Ten- 
ney's  Zoology)  has  been 

found  by  Professor  Marsh  ^*^"^°"  °'  ^*^"^  salamander. 

to  drop  its  gills  and  assume  its  adult  form  when  brought  to  the 
sea  level,  its  original  habitat  being  the  lakes  situated  in  the  Rocky 
Mountains  at  an  ajititude  of  4,500  -  7,000  feet. 

Professor  Owen  has  well  summed  up  the  wonderftil  changes 
undergone  in  these  metamorphoses,  which  are  exactly  paralleled 
by  those  of  the  vegetarian  larval  gnat  with  biting  jaws  and  gills 
into  the  blood-sucking  volant,  air-breathing  fly ;  entirely  new 
organs  replacing  the  deciduous  ones  of  the  larva,  and  the  body 
in  attaining  maturity  being  made  over  anew.  *^In  the  metamor- 
phoses of  the  Batrachia,"  says  the  distinguished  comparative 
anatomist,  **  we  seem  to  have  such  process  carried  on  before  our 
eyes  to  its  extremest  extent.  Not  merely  is  one  specific  form 
changed  to  another  of  the  same  genus ;  not  merely  is  one  generic  * 
modification  of  an  order  substituted  for  another,  the  transmuta- 
tion is  not  even  limited  by  passing  from  one  order  (Urodela)  to 
another  (Anoura)  ;  it  affects  a  transition  from  class  to  class.  The 
Fish  becomes  the  Frog ;  the  aquatic  animal  changes  to  the  terres- 
trial one ;  the  water-breather  becomes  the  air-breather ;  an  insect 
diet  is  substituted  for  a  vegetable  one.    And  these  changes,  more- 
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over,  proceed  gradually,  continaously,  and  without  any  interrup- 
tion of  active  life.  The  larva  having  started  into  independent 
existence  as  a  fish,  does  Aot  relapse  into  the  passive  torpor  of  the 
ovum  to  leave  the  organizing  energies  to  complete  their  work  un- 
troubled by  the  play  of  the  parts  they  are  to  transmute,  but  step 
by  step  each  organ  is  modified,  and  the  behavior  of  the  animal 
and  its  life-sphere  are  the  consequence,  not  the  cause,  of  the 
changes." 

.^^The  external  gills  are  not  dried  and  shrivelled  by  exposure  to 
the  air,  nor  does  the  larva  gain  its  lungs  by  efforts  to  change  its 
element  and  inhale  a  new  respiratory  medium.  The  beak  is  shed, 
the  jaws  and  tongue  are  developed,  and  the  gut  shortened,  before 
the  young  Frog  is  in  a  condition  to  catch  a  single  fly.  ^  The  em- 
bryo acquires  the  breathing  and  locomotive  organs — gills  and  com- 
pressed tail — while  imprisoned  in  the  ovum ;  and  the  tadpole  ob- 
tains its  Ipngs  and  land-limbs  while  a  denizen  of  the  pool ;  action 
and  reaction  between  the  germ  and  the  gelatinous  atmosphere  of 
the  yolk,  or  between  the  larva  and  its  aqueous  atmosphere,  have 
no  part  in  these  transmutations.  The  Batrachian  is  compelled  to 
a  new  sphere  of  life  by  antecedent  obliterations,  absorptions  and 
developments,  in  which  external  influences  and  internal  efforts 
have  no  share." 

While  the  passage  we  have  quoted  is  an  attack  against  La- 
marckianism,  we  do  not  see  but  that  in  a  long  course  of  genera- 
tions of  the  ancestors  of  the  present  species  of  amphibians,  the 
metamorphoses  may  have  become  gradually  established,  finally  be- 
coming the  normal  history  of  each  individual ;  the  changes  of  the 
individual  epitomizing  the  successive  steps  in  the  collective  life- 
history  of  the  entire  group  of  Amphibians.  That  changes  in  the 
physical  surroundings  induce  important  modification  of  structure 
is  seen  in  the  exceptional  mode  of  metamorphosis  of  the  Surinam 
Pipa,  or  the  Hyla  of  Mauritius,  and  on  the  other  hand,  in  the 
prematurity  of  the  axolotl,  which  near  the  level  of  the  sea  drops 
its  gills,  while  five  or  six  thousand  feet  above  the  sea  it  retains  its 
gills  and  still  produces  young. 

To  recapitulate,  we  have  the  following  stages  of  development 
in  the  Amphibia : 

1.  Morula  (segmentation  total). 

2.  The  embryo  develops  as  in  the  bony  fishes. 

3.  Young  with  external  gills  hatching  with  a  fish-like  form,  but 
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much  less  advanced  in  internal  organization ;  or,  rarely,  hatching 
in  the  adult  form,  the  metamorphosis  being  suppressed. 

4.  Larval  forms  retained  as  in  the  Menobranchus,  Siren,  Meno- 
pona  and  Salamanders ;  or  dropped,  as  in  the  toad  and  ftog, 
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Development  of  the  Reptiles.  We  now  come  to  study  the  embry- 
ology of  those  vertebrates  in  which  there  is  an  important  embry- 
onal membrane,  the  amnion^  developed,  besides  an  allantois.  The 
eggs  of  reptiles  from  their  abundant  supply  of  yolk  cells,  and  the 
early  stages  of  the  embryo,  are  «o  much  like  those  of  birds  that 
the  reader  is  referred  to  the  account  of  the  early  stages  of  the 
chick  for  a  more  complete  account  of  the  early  phases  of  embry- 
onic life  in  the  reptiles. 

As  with  birds,  the  eggs  are  enormous  in  size,  and  like  those  of 
the  ostrich  they  are  laid  in  the  sand,  and  are  left  by  the  parent  to 
be  hatched  by  the  warmth  of  the  sun. 

Professor  H.  J.  Clark,  in  his  "  Mind  in  Nature,"  tells  us  that  of 
all  eggs  those  of  turtles  are  by  far  the  most  easily  preserved  in  a 
healthy  state  during  the  time  of  incubation.  '^All  that  is  requii*ed 
to  obtain  them  is  to  collect  a  number  of  turtles  in  early  spring, 
before  May,  and  keep  them  enclosed  in  some  shady  spot  where 
they  can  have  easy  access  to  water  and  soft  earth,  and  to  feed  them 
well  with  fresh  herbage,  such  as  plantain-leaves,  lettuce,  beet- 
leaves,  etc.,  etc.,  and  in  the  course  of  time,  usually  in  May  and 
June,  they  may  be  caught,  at  early  dawn,  digging  holes  in  the 
earth  with  their  hind  legs,  and  depositing  therein  their  brood  of 
eggSi  and  then  covering  them  up." 

The  lizards,  snakes,  and  crocodiles,  lay  their  eggs  in  sand  or 
light  soil,  the  iguana  in  the  hollows  of  trees,  while  certain  lizards 
and  snakes  are  viviparous.  Agassiz  has  discovei^ed  the  extraor- 
dinary fact  that  in  turtles  fecundation  does  not  appear  to  be  an 
instantaneous  act,  resulting  from  one  successful  connection  of  the 
sexes,  as  it  is  with  most  animals,  but  **  a  repetition  of  the  act,  thrice 
every  year,  for  four  successive  years,  is  necessary  to  determine 
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the  final  development  of  a  new  individual,  wbich  may  be  accom- 
plished in  other  animals  by  a  single  copulation."  From  the  same 
source  we  learn  that  Chrysemys  (Emys)  picta  does  not  lay  its  eggs 
before  the  eleventh  year.  Our  other  turtles  probably  lay  their 
eggs  fVom  the  eleventh  to  the  fourteenth  year,  according  to  the 
species.  The  operation  takes  place  in  the  month  of  June,  both  at 
the  north  and  south,  climatic  differences  not  seeming  to  have  any 
effect  upon  this  particular  flinction. 

Before  segmentation  of  the  yolk  the  nucleus,  or  germinal  vesicle, 
undergoes  self-division.  According  to  Agassiz  and  Clark  ^^  this 
takes  place,  at  least  to  a  certain  extent,  without  the  influence  of 
fecundation  within  a  year,  but  at  the  same  time  has  been  seen  only 
in  those  eggs  which  have  been  expelled  fVom  the  ovary.  Finally 
they  become  the  original  cells,  "  the  primitive  embryonic  cells  "  en- 
gaged in  the  composition  of  the  different  organs  of  the  body.  In 
the  bony  fishes,  according  to  CEllacher,  the  germinal  vesicle  is 
ejected  bodily  from  the  germinal  disk,  and  Foster  and  Balfour 
think  this  fate  awaits  that  of  the  birds.  In  insects  the  germinal 
vesicle  is  supposed  to  undergo  self-division  and  form  the  nuclei 
of  the  cells  of  the  blastoderm. 

The  segmentation  of  the  yolk  has  been  fully  observed  in  Olyp- 
temya  (Emys)  insculpta.  The  process  of  segmentation  is  not  so 
regular,  and  there  does  not  seem  to  be  always,  in  the  beginning, 
a  symmetrical  halving  of  the  embryonic  area,  as  has  been  obser\'ed 
among  birds ;  but  in  other  respects  it  resembles  what  takes  place 
within  the  eggs  of  the  latter  animals,  and  finally  results  in  shap- 
ing out  the  embryonic  disk."  Agassiz  and  Clark,  from  wiiom  we 
kave  quoted,  think,  however,  that,  from  certain  phenomena  ob- 
served by  them,  the  whole  mass  of  the  yolk  becomes  segmented. 

The  formation  of  the  primitive  streak,  the  amnion,  allantois, 
and  chorda  doraalis^  are  much  as  observed  in  the  chick,  and  for 
an  account  of  the  early  stages  of  the  embryo  reptiles,  the  reader 
is  refeiTcd  to  the  chapter  on  the  embryology  of  birds.  The  lungs 
arise  as  hollow  sacs  projecting  from  the  sides  of  the  throat ;  the 
liver  is  a  thickening  of  the  same  membrane  from  which  the  stom- 
ach is  formed,  while  the  reproductive  glands  ''arise  in  intimate 
connection  with  the  posterior  end  of  the  intestine." 

By  the  time  that  the  heart  has  become  three-chambered,  the 
vertebrae  have  reached  the  root  of  the  tail,  the  eyes  have  be- 
come entirely  enclosed  in  complete  orbits,  and  the  allantois  begins 
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to  grow.  Soon  after,  the  embryo  turns  upon  its  axis,  and  always 
rests  on  its  left  side.  The  nostrils  may  now  be  recognized  as  two 
simple  indentations  at  the  end  of  the  head,  and  at  first  are  not  in 
communication  with  the  mouth,  but  soon  a  shallow  furrow  leads 
to  it. 

The  shield  begins  to  develop  by  a  budding  out  laterally  of  the 
musculo-cutaneous  layer  along  the  sides  o(  the  body,  and  the 
gi'owth  of  narrow  ribs  extending  to  the  edge  of  the  shield.  *'The 
feet,  or  rather  paddles,  of  the  lower  forms  of  turtles,  the  Chelon- 
ioidffi,  do  not  remain  in  a  partially  undeveloped  state,  as  might  be 
expected  from  what  is  observed  among  other  vertebrates,  but  un- 
dergo what  may  be  called  an  excess  of  development ;  the  bones 
of  the  toes  becoming  very  much  elongated,  and  the  web — which 
remains  soft  among  some  turtles  with  moderatel}'  elongated  toes, 
—  is  hardened  by  the  development  of  densely  packed  scales,  so 
that  the  whole  foot  is  almost  as  rigid  as  the  blade  of  an  oar.  At 
this  time  the  embryo  of  CJielydra  serpentina  snaps  at  everything 
which  touches  it. 

Of  the  development  of  the  Saurians,  or  lizards,  we  have  no  com^ 
plete  account.  The  advanced  embryo  of  the  lizard,  as  figured  by 
Owen  (443),  is  like  that  of  the  turtle  without  its  shell. 

As  regards  the  development  of  snakes,  Owen,  deriving  his  in- 
formation  from  Rathke's  work,  tells  us  that  in  the  oviparous 
snakes  (Natrix  torquata)  the  embryo  partially  develops  before  the 
egg  is  laid,  while  the  young  hatches  in  two  months  after  the  egg  is 
deposited.  By  this  time  the  amnion  is  perfected,  "the  head  is 
distinct,  and  shows  the  eye-ball  and  ear-sac ;  also  the  maxillary 
and  mandibular  processes.  The  allantois  is  about  as  large  as  the 
head."  The  long  trunk  of  the  serpent  grows  in  a  series  of  de- 
ci'easing  spirals,  and  when  five  or  six  are  formed,  the  rudiment  of 
the  liver  and  the  primordial  kidneys  are  discernible."  At  the 
latter  third  of  embryonic  life  the  right  lung  appears  as  a  mere 
appendage  to  the  beginning  of  the  left. 

A  summary  of  the  changes  in  the  egg  undergone  by  the  reptiles 
is  as  follows : 

1.  Segmentation  partial,  possibly  total  (morula?). 

2.  The  embryo  develops  much  as  in  the  bony  fishes  until  the 
embryonal  membranes  appear. 

8.   Formation  of  an  amnion. 

4.  After  the  alimentary  canal  is  sketched  out,  the  allantois  buds 
out  from  it. 
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5.  The  shield  of  the  turtle  develops  and  the  reptilian  features 
are  assumed. 

6.  The  embryo  hatches  in  the  form  of  the  adult,  thei*e  being  no 
metamorphosis. 
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Development  of  Birds.  So  much  alike  are  all  the  living  species 
of  birds  that  the  embryology  of  a  single  kind  is  in  all  probability 
a  type  of  that  of  the  others.  The  development  of  the  domestic 
fowl  has  been  studied  in  more  detail  than  any  other  vertebrate, 
since  it  is  eas}*  to  hatch  the  eggs  artificially,  and  from  their  large 
size  they  can  be  examined  more  readily  than  the  eggs  of  fishes. 
Our  account  of  the  embryology  of  birds  will  be  taken  from  the 
admirable  account  by  Foster  and  Balfour  in  their  "  Elements  of 
Embiyology,"  and  we  shall  freely  use  their  work,  often  quoting 
them,  word  for  word,  where  it  is  not  possible  to  faither  condense 
their  language. 

The  eggs  of  the  hen  are  fertilized  in  the  upper  extremity  of  the 
oviduct,  whether  before  or  after  the  "  white"  of  the  egg  is  depos- 
ited is  unknown,  but  at  any  rate  before  the  shell  is  deposited 
around  the  "  white." 

First  day.  As  the  first  result  of  impregnation  the  germinal 
vesicle  disappears,  probably,  being,  judging  from  the  analogy  of 
the  bony  fishes,  bodily  ejected  from  the  germinal  disk.  Then  be- 
gins the  process  of  segmentation  of  the  yolk,  which  goes  on  at 
about  the  time  the  shell  is  formed.  Segmentation  is  partial,  being 
restricted  to  the  germinal  disk  of  the  ovarian  egg ;  the  result  is 
the  formation  of  the  blastodermic  disk,  which  is  the  beginning  of 
the  embi-yo,  resting  on  the  upper  surface  of  the  yolk  and  appear- 
ing as  a  pale  round  spot  seen  in  the  freshly  laid  egg.  This  blas- 
toderm at  first  consists  of  two  layers  of  cells,  the  upper  made  up 
of  nucleated  cells,  and  the  lower  of  irregular  rounded  masses 
called  ''  formative  cells." 

Now  begins  the  marking  out  of  the  embr^'o,  which  develops  in 
the  ^'area  pellucida^'  a  transparent  rim  (encompassed  by  the 
"  area  opaca  ")  surrounding  the  blastoderm.  The  first  step  is  the 
origin  of  an  inner  germ-layer,  the  two  others  having  previously 
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arisen,  so  that  we  now  have  the  three  germ-layers  found  in  all 
vertebrates  and  in  some  invertebrates.  From  the  outer  layer 
(epiblnst)  arises  the  tegument  and  walls  of  the  body,  with  the 
nervous  cord;  while  fVom  the  second  (mesoblast)  are  formed 
the  heart  and  the  vascular  system  or  blood-vessels,  and  the  stom- 
ach and  intestines.  The  third  and  innermost  layer  is  called 
the  "  hypoblast."  By  the  sixth  or  eighth  hour  these  three  mem- 
branes become  definitely  established.  The  middle  layer  now 
thickens  and  thus  causes  the  appeai*ance  known  as  the  '^  primitive 
streak,"  along  the  middle  of  which  runs  the  depression  known  as 
the  "  primitive  groove."  In  front  of  the  primitive  groove  appears 
the  "  medullary  groove,"  and  below  it  the  notochord  or  '*  chorda 
doTsalis**  originates  from  the  cells  of  the  middle  layer.  This 
notochord  (Fig.  304,  cli)  lies  directly  beneath  the  medullary  tube 

Fig.  304. 


SecUon  of  an  Embryo  Hen. 

i^r)  and  between  the  outer  and  third  germ-layer  in  the  form  of  a 
flattened  circular  rod.  The  blastoderm  is  now  folded  anteriorly 
like  the  letter  S ;  this  is  called  the  ^^  head-fold,"  and  soon  after 
the  "  tail-fold  "  is  formed  in  a  similar  way.  These  two  folds  meet 
in  the  middle  thus  forming  the  body  of.  the  embryo. 

Next  the  primitive  groove  and  streak  disappear  as  the  sides  of 
the  medullary  groove  rise  up,  when  they  finally  meet,  forming  the 
neural  tube,  or  hollow  in  which  the  nervous  cord  is  formed. 

About  this  period  the  first  pair  of  protovertebrse  make  their 
appearance.  They  arise  from  the  mesoblast  as  two  cubical  masses 
(Fig.  304S  u  \D)  lying  one  on  each  side  of  the  notochord.  Two 
more  pairs  appear  behind  the  first  pair  before  the  first  day  is 

>  Fig.  304 ;  dd,  Ihird  or  inner  gemi*lRyei'  (darmdriiscnblatt  or  liypoblast) ;  cA,  chorda 
dortalia  or  notochord;  uw,  primitire  vertebne,  or  protovertebra;  uirft, cavity  in  the 
protoTcrtebrie ;  ao,  primitive  aoita;  unfft  Wolffian  duct;  «p,  split  in  the  mlddie-germ 
layer,  the  l>egtnning  of  the  pieuro-peritoneul  cavity  (mesoblast)  by  which  it  ib  divided 
Into  two  layers,  the  lower  layer  {d/)  the  sptanchn epicure  (or  darmfnserphttt),  the  upper 
layer  (kpl)  being  the  somatopleure  (hautplatt),  the  two  layers  unite  at  mp  (Kdlliker's 
mittelplatt);  mr,  meduliai-y  tube  (rttckcnmark);  h,  outer  germ-luyer  (homblatt  or 
epiblast). 
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ended.     **  Oat  of  the  protOTettebrae  are  formed  not  odIj  the  per- 
nument  vertebrae,  bat  abo  the  saperficial  dorsal  as  well  as  certain 


Fiff.lK. 


Early  stage  of  a  Vertebrate  (Fowl). 

other  muscles  and  the  spinal  nerves.  The  pair  of  protovertebraa 
first  formed  con  esponds  not  with  the  first  cervical  vertebra  of  the 
adult  chick,  but  rather  with  the  third  or  even  fourth ;  for  though 
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the  majority  of  the  protovertebrflB  are  formed  regularly  behind  the 
first  pair,  two  or  even  three  pair  may  make  their  appearance  in 
fi-ont  of  it"  (Foster  and  Balfour). 

Fig.  304  (from  Kolliker)  is  a  cross  section  through  an  embryo 
chick  of  the  second  day  magnified  90-100  times,  showing  the  rela- 
tions of  the  medullary  tube,  chorda  doraalis  and  protovertebrae. 

Meanwhile  the  middle  layer  has  split  into  two  layers ;  the  upper 
(or  outer)  leaf  is  called  the  "  somatopleure,"  so-called  ftom  its 
giving  rise  to  the  body  walls,  while  the  lower  (or  inner)  leaf  is 
called  the  *' splanchnopleure,"' as  it  is  destined  to  form  the  ali- 
mentary canal,  and  the  liver  and  other  glands  originating  from  the 
digestive  cavity. 

Tbe  amnion  next  arises  from  certain  folds  of  the  somatoplenre. 
As  the  embr^'o  thickens  and  sinks  into  the  yolk  two  folds  grow 
out  of  the  head  and  tail  end  respectively  (Fig.  305,  2,  ks  and  ««). 
These  finally  meet  and  coalesce  on  the  fourth  day  over  the  back 
of  the  embryo,  forming  the  amniotic  cavity  (Fig.  305,  3,  ah)  in 
which  the  embryo  lies.  The  fluid  which  fills  this  cavity  is  catied 
the  amniotic  fluid. 

The  allantois  arises  as  an  appendage  of  the  alimentary  canal, 
budding  out  at  the  hinder  end  of  the  embryo.  It  finally  grows 
(as  in  Fig.  305,  4,  al)  so  large  as  to  curve  over  the  embryo,  serv- 
ing as  a  foetal  respiratory  organ.^ 

•  Second  Day.  By  the  time  the  embryo  is  thirty  hours  old  the 
outlines  are  bolder,  more  distinct  and  the  tissues  firmer,  so  that 


>Fig.  305.  Fire  sohemaUc  flgnres  shonring  the  development  of  the  foBtnl  eg^r-mem- 
branes,  where  in  aU  except  the  last  the  erabiyo  is  represented  as  if  seen  in  longitudinal 
section.  1.  Egg  with  xona  pelJudda  (embryonic  sac)  blastoderm  (a,  I)  germinal  di^k  nnd 
embryo.  3.  Egg  with  the  llrst  traces  of  the  yolk  sac  (d)  and  amnion  (i'S.  »b  and  am), 
8.  Sgg  with  tbe  amnion  uniting  and  forming  a  sac;  tbe  allantois  {al)  budding  ont.  4. 
Egg  with  the  vili  of  the  serous  membrane  {,»z)\  the  allantois  larger;  embryo  with 
moutli  and  annl  opening.  5.  Egg  in  which  tlie  vascular  layer  of  the  allantois  lies  close 
to  the  serous  layer  and  has  grown  into  the  villi  of  the  same,  constituting  tlie  true  cho- 
rioD  {eh).    Yolk  sac  much  smaller,  about  to  bo  drawn  into  the  cavity  of  the  amnion. 

<f ,  yolk-skin ;  d\  villi  of  the  yolk-skin ;  «A,  serous  membrane :  ««,  villi  of  the  soroas 
membrane:  ch,  chorion  (vascular  layer  of  the  allantois)  chz,  true  villi  of  the  chorion 
(arising  tvom  the  projections  of  the  chorion  and  the  sac  of  the  serous  membrane) ;  ant 
amnion ;  k»^  head*fold  of  the  amnion ;  f«,  tail^fold  of  the  amnion;  ahy  cavity  of  the  am- 
nion ;  a9y  sheath  of  the  amnion  for  the  navel  string;  a.  the  flrtt  begini.ing  of  the  embryo 
arising  from  a  thickening  of  the  outer  layer  of  the  blastoderm  a';  m,  thickening  lorm- 
lug  the  germ  in  the  middle  layer  of  the  blastoderm  (m')«  which  at  first  only  reacheil  aa 
fkr  as  the  germinal  disk*  and  nftenvards  forms  the  vascular  bij'er  of  the  yolk-sac  {df) 
which  connects  with  the  intestino-muscular  layer  (daimfaserplatte);  «/,  s<»i»«  iermi' 
naH»f  dd.  intestino>glanduIar  layer  (darmdmsenblntt)  arising  out  of  a  part  of  i,  the 
Inner  layer  of  the  blastoderm  (afterwards  the  epithelium  of  the  yolk-sac;  kh,  cavity  of 
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the  whole  blastoderm  can  be  removed  from  the  egg  with  much 
greater  ease  than  before.  The  head-fold  has  now  become  more 
prominent  than  before.  The  nerve-tube,  at  first  of  nniform  thick- 
ness dilates  anteriorly  forming  the  first  cerebral  vesicle,  and  the 
second  and  third  cerebral  vesicles  successively  form,  the  proto- 
vertebrae  increase  rapidly,  and  soon  the  embryonic  chick  presents 
the  appearance  of  the  embryo  rabbit  of  nearly  the  same  age. 

The  alimentary  canal  commences  as  a  cid  de  sac^  closed  in  front 
but  widely  open  behind,  situated  below  the  anterior  end  of  the 
medullary  tube.  The  heart  originates  also  in  the  head-fold  at 
about  the  time  the  protovertebrse  are  formed,  and  the  rudiment  is 
situated  below  the  fore  gut  or  rudiment  of  the  alimentary  canal ; 
by  the  end  of  the  first  half  of  the  second  day  it  is  fiask-shaped, 
with  a  slight  bend  to  the  right.  ^*  Soon  after  its  formation  the 
heart  begins  to  beat,  its  at  first  slow  and  rare  pulsations  beginning 
at  the  venous  and  passing  on  to  the  arterial  end."  Its  movements 
begin  before  the  cells  of  which  it  is  composed  are  differentiated 
into  muscle  or  nerve-cells.  To  provide  channels  for  the  fluid 
pressed  out  by  the  contractions  of  the  heart,  the  heart  divides  into 
the  two  primitive  aortae,  and  connects  with  other  embryonic  tem- 
porary arteries  and  veins.  Meanwhile  in  the. vascular  area  and 
area  peUucida^  the  arteries,  capillaries  and  veins  rapidly  develop, 
and  blood  disks  arise  as  amoeba-like  cells  separating  from  the  adjar 
cent  cell-mass  of  the  mesoblast  (middle  germ-layer),  while  the 
vessels  are  contemporaneously  forming ;  the  red  blood  corpuscles 
not  being  true  cells,  but  nuclei.  The  first  half  of  the  second  day 
ends  with  the  rise  of  the  inidiment  of  the  WolfiSan  duct.  ^^  It  is 
important  to  remember  that  the  embr^'o  of  which  we  are  now 
speaking  is  simply  a  part  of  the  whole  germinal  membrane,  which 
is  gradually  spreading  over  the  surface  of  the  yolk.  It  is  impor- 
tant also  to  bear  in  mind  that  all  that  part  of  the  embr^'o  which  is 
in  ftont  of  the  most  anterior  protovertebrse  corresponds  to  the 
future  head,  and  the  rest  to  the  neck,  body  and  tail.    At  this 

the  blastoderm,  which  afterwards  becomes  d»,  the  cavl  y  of  ilie  yolk-sac;  passage  way 
of  the  yolk;  aZ,  allantois;  e»  embryo;  r»  original  space  between  the  amnion  and  cho- 
rion, filled  with  albuminoas  fluid;  W,  anterior  body-wall  in  the  region  of  the  heart;  AA, 
cavity  of  the  heart  witiiout  the  heart  itself. 

In  Figs.  3  and  8,  the  amnion  is  for  the  sake  of  clearness  represented  as  situated  too 
Air  awny  IVom  tlie  embryo;  so  also  the  cavity  of  the  heart  is  drawn  too  small  and  the 
embryo  too  large,  since  except  in  Fig.  5,  they  are  only  drawn  diagrammntically.  These 
and  Fig.  804,  trom  K911iker*s  Eutwlckclungsgeschicbte  des  Mcnschen  und  der  hohereo 
Thiere. 
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period  the  head  occupies  nearly  a  third  of  the  whole  length  of  the 
embryo"  (Foster  and  Balfour). 

In  the  second  half  of  the  second  day,  among  the  most  important 
changes  are  the  appearance  of  the  second  and  third  cerebral  vesi- 
cles, the  optic  vesicles,  while  the  *^  first  rudiment  of  the  ear  is 
formed  as  an  involution  of  the  epiblast  on  the  side  of  the  hind 
brain  or  third  cerebral  vesicle." 

Third  day.  This  day  is  one  of  the  most  eventfhl,  as  the  rudi- 
ments of  so  many  important  organs  now  fii*st  appear.  First,  the 
embryo,  now  almost  completely  enveloped  by  the  amnion,  turns 
around  so  as  to  lie  on  its  left  side.  The  heart,  originally  formed 
under  where  the  brain  is  destined  to  lie,  moves  backward  into  the 
trunk,  and  by  this  time  (the  third  day)  the  neck  has  been  formed, 
in  which  appears  the  four  branchial  fissures,  the  most  anterior 
being  formed  first.  It  is  these  temporary  fissures  whicli  corres- 
pond to  the  branchial  fissures  of  Amphioxus.  ''  On  account  of 
this  resemblance — in  fact  by  some  assumed  as  an  identity  both  in 
form  and  function — the  fissures  have  been  called  by  embryologists 
the  hrancliial  fissures  (compare  Fig.  288)  and  the  vessels  [passing 
between  them]  the  branchial  aorts,  the  former  corresponding  with 
the  passages  between  the  gills  of  fishes,  and  the  latter  with  the 
vessels  which  supply  the  gills  with  blood "  (Clark's  Mind  in  Na- 
ture, p.  311). 

In  fact  the  embryo  bird  in  some  respects  is  now  as  far  advanced 
in  organization  as  the  Lancelet,  and  may  be  rudely  compared  with 
that  animal,  though  the  incipient  neck,  head  and  brain  are  features 
which  the  Lancelet  lacks. 

The  eye  commences  as  a  lateral  outgrowth  of  the  fore  brain, 
in  the  form  of  a  stalked  vesicle  subsequently  converted  into  the 
optic  nerve,  while  the  lens  is  formed  by  an  involution  of  the  skin 
of  the  body  (outer  germ-layer)  over  the  front  end  of  the  optic 
vesicle.  The  ear  is  also  at  first  simply  an  involution  of  the  outer 
germ-layer  (epiblast)  forming  a  pit,  or  *'otic  vesicle,"  which  is 
destined  to  form  the  internal  ear,  containing  the  bones  and  other 
parts  of  the  inner  ear.  The  nose  begins  as  two  shallow  pits 
formed  by  the  sinking  in  of  the  outer  germ-layer.  Each  of  these 
pits  is  situated  next  to  the  olfactory  vesicles  (afterwards  nerves), 
but  at  first  there  is  no  connection  between  the  pits  and  the  nerves 
as  between  the  pits  and  the  mouth,  which  is  in  fact  not  yet  formed, 
since  it  arises  afterwards  as  an  extension  inward  of  the  cleft  be-  ^ 
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twecn  the  first  branchial  folds  and  its  branch,  as  the  jaws  or  max- 
illae arise  from  the  first  fold,  the  upper  jaws  being  two  branches  of 
the  fold,  the  fold  itself  being  the  under  jaw,  while  a  lozenge- 
shaped  cavity  between  the  fold  and  its  branches  becomes  the 
mouth. 

Meanwhile,  for  all  the  changes  in  the  different  organs  are  going 
on  contemporaneous!}',  the  vesicles  or  lateral  expansions  of  the 
nerve-tube  appear,  the  vesicles  of  the  cerebral  hemispheres  devel- 
oping, as  well  as  the  separation  of  the  hind-brain  into  the  eerebrel- 
lum  and  medulla  oblongata.  The  digestive  cavity  is  during  the  third 
day  also,  differentiated  int6  the  fore-gut  and  hind-gut,  the  former 
farther  subdividing  into  the  oesophagus,  stomach  and  duodenum, 
and  the  hind-gut  into  the  large  intestine  and  cloaca.  The  lungs 
arise  as  two  pocket-like  appendages  of  the  alimentai*y  canal  im- 
mediately in  front  of  the  stomach ;  while  the  liver  is  originally 
two  diverticula,  and  the  pancreas  a  single  offshoot  from  the  duo- 
denum. 

Fourth  day.  With  a  decided  increase  in  size  by  this  day,  the 
amnion  becomes  more  distinct,  and  the  allantois  is  visible.  The 
wings  and  legs  now  appear  as  fiattened  conical  buds  arising  fh)m 
the  "  Wolffian  ridge,"  a  low  ridge  running  from  the  neck  to  the 
tail,  those  forming  the  wings  being  scarcely  distinguishable  from 
the  rudimentary  legs. 

The  olfactor}'  groeves  appear  at  this  time  and  the  partition 
heretofore  existing  between  the  mouth  and  throat  is  absorbed  and 
'disappears. 

The  protovertebrae  have,  by  this  time,  increased  in  number  from 
thirty  to  forty.  The  upper  portion  (muscle-plate)  having  previ- 
ously separated  to  form  the  muscles  inserted  in  the  skeleton  (epi- 
sketal  muscles  of  Huxley),  has  left  the  remainder  of  each  proto- 
vertebra  as  a  somewhat  triangular  mass,  the  upper  angle  of  which 
grows  up  and  meets  its  fellow  in  the  median  line  above,  thus 
enclosing  the  nerve-canal.  On  the  lower  side  each  protovertebra 
sends  out  a  similar  grow'th  enclosing  the  notochord.  "  While  the 
inner  portion  of  each  protovertebra  is  thus  extending  inwards 
around  both  notochord  and  neural  canal,  the  remaining  outer  por- 
tion is  undergoing  a  remarkable  change.  It  becomes  divided  into 
an  anterior  or  praeaxial,  and  a  posterior  or  postaxial  segment. 
The  anterior,  which  is  the  larger  and  more  transparent  of  the  two, 
is  the  rudiment  of  the  spinal  ganglion  and  nerve,  while  the  poa- 
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terior,  which  remains  more  particularly  connected  with  the  exten- 
sions roupd  the  neural  canal  and  notochord,  goes  to  form  part  of 
the  permanent  vertebra.  In  this  way  each  protovertebra,  having 
given  rise  to  a  muscle-plate,  is  farther  subdivided  into  a  ganglionic 
rudiment,  and  into  a  mass  which  we  may  speak  of  as  a  *  primary ' 
vertebra,  consisting  as  it  does  of  a  body  or  mass  investing  the 
notochord,  from  which  springs  an  arch  covering  in  the  neural 
canal."  (Foster  and  Balfour.)  The  conversion  of  the  primary  ver- 
tebra or  membranous  vertebral  column  into  the  permanent  verte- 
brae is  *'  complicated  by  a  remarkable  new  or  secondary  segmenta- 
tion of  the  whole  vertebral  column/*  so  that  '*each  permanent 
vertebra  is  formed  out  of  portions  of  two  consecutive  protoverte- 
brsB.  Thus,  for  instance,  the  tenth  permanent  vertebra  is  formed 
out  of  the  hind  portion  of  the  tenth  protovertebra,  and  the  front 
portion  of  the  eleventh  protovertebra,  while  its  arch,  now  attached 
to  its  front  part,  was  attached  to  the  hind  part  of  the  tenth  proto- 
vertebra."    (Foster  and  Balfour). 

By  the  sixth  day  the  notochord  begins  to  diminish  and  disap- 
pear by  the  time  the  bird  .is  hatched,  while  by  the  twelfth  day  the 
ossification  of  the  bodies  of  the  vertebrae  commences,  the  process 
beginning  in  the  second  or  third  cervical,  and  thence  extending 
backwards.  The  ribs  begin  as  a  downward  growth  from  the  ex- 
terior of  the  vertebra,  at  first  separate  from  the  bodies  of  the 
vertebra. 

Between  the  eightieth  and  one  hundredth  hour  of  incubation 
the  permanent  kidneys  arise,  and  previous  to  this  the  sexual 
glands  have  arisen  out  of  the  middle  germ-layer,  from  the  germinal 
epithelium  lying  at  the  upper  end  of  the  pleuroperitoneal  cavity. 
In  this  epithelium  may  be  seen  certain  large  cells,  the  primordial 
ova,  which  are  at  first  seen  in  male  as  well  as  female  embryos,  so 
that  in  early  stages  it  is  impossible  to  distinguish  the  sexes.  Be- 
tween the  eightieth  and  one  hundredth  hour,  however,  the  pri- 
mordial ova  disappear  in  those  embryos  destined  to  be  males, 
while  they  enlarge  and  multiply  in  the  female.  "The  large  nu- 
cleus of  the  primordial  ovum  becomes  the  germinal  vesicle,  while 
the  ovum  itself  remains  as  the  true  "  ovum."  The  testes  begin 
to  arise  on  the  sixth  day. 

Fifth  day.  This  period  is  signalized  by  the  fuither  growth  of 
the  allantois,*and  by  the  appearance  of  the  knee  and  elbow,  and  of 
the  cartilages  which  precede  the  formation  of  the  bones  of  the 
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digits  and  limbs ;  as  well  as  the  formation  of  the  primitive  skull, 
with  the  development  of  the  parts  of  the  face,  and  the  formation 
of  the  anus. 

The  cranium,  from  the  researches  of  Rathke,  Parker  and  others, 
is  formed  from  the  middle  germ-layer,  and  in  the  fourth  day  is 
simply  membranous ;  after  that  time  the  tissue  composing  it  be- 
comes caitilage.  After  the  fourth  day  the  primitive  skull  consists 
of  two  portions,  t.6.,  a  sheet  of  cartilage  ensheathing  the  noto- 
chord  from  its  anterior  end  to  the  Grst  vertebra.  "  This  sheet  of 
cartilage  forms  an  unsegmented  continuation  of  the  vertebral  bod- 
ies. It  is  to  be  considered  as  the  most  anterior  portion  of  the 
axial  skeleton,  in  which  the  segmentation  has  become  obliterated ; 
and  as  such  is  equivalent  not  to  one,  but  to  a  (hitherto  npt  eer- 
tainl}'  determined)  number  of  vertebrje."  (Foster  and  Balfour. 
For  the  farther  changes  in  the  development  of  the  skull  the  reader 
is  referred  to  Parker's  memoir  oa  the  Development  of  the  Skull 
of  the  Common  Fowl,  or  the  excellent,  illustrated  abstract  in 
Foster  and  Balfour's  **  Elements.") 

Not  until  the  sixth  day  are  distinct  bird-characters  developed. 
Hitherto  it  would  be  almost  impossible  to  distinguish  the  embryo 
from  a  reptile  or  mammal.  During  the  sixth  and  seventh  day  the 
wing  and  foot  assume  a  bird  form,  the  crop  and  intestinal  coBca 
make  their  appearance,  ^^  the  stomach  takes  the  form  of  a  gizzard, 
and  the  nose  begins  to  develop  into  a  beak,  while  the  incipient 
bones  of  the  skull  arrange  themselves  after  the  avian  type.  .  •  . 
From  the  eleventh  day  onwards  the  embryo  successively  puts  on 
characters  which  are  not  only  avian,  but  even  distinctive  of  the 
genus,  species  and  variety."  By  the  ninth  or  tenth  day  the 
feathers  originate  in  sacs  in  tlie  skin,  these  sacs  by  the  eleventh 
day  appearing  to  the  naked  eye  as  feathers,  the  sacs  however  re- 
maining closed  as  late  as  the  nineteenth  day,  though  many  are  an 
inch  in  length. 

The  nails  and  scales  begin  to  appear  on  the  thirteenth  day. 
'*  By  the  thirteenth  day  the  cartilaginous  skeleton  is  completed, 
and  the  various  muscles  of  the  body  can  be  made  out  with  toler- 
able clearness.  OssiAeation  begins,  according  to  Yon  Baer,  on  the 
eighth  or  ninth  day  by  small  deposits  in  the  tibia,  in  the  meta- 
carpal bones  of  the  hind-limb,  and  in  the  scapula.  On  the  eleventh 
or  twelfth  day  a  multitude  of  points  of  ossification  make  their  ap- 
pearance in  the  limbs,  in  the  scapular  and  pelvic  arches,  in  the 
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ribs,  in  the  bodies  of  the  cervical  and  dorsal  vertebrae,  and  in  the 
bones  of  the  head,  the  centres  of  ossification  of  the  vertebral 
arches  not  being  found  till  the  thirteenth  day." 

While  the  blood  is  at  first  aerated  by  the  allantois,  and  there  is 
a  partial  double  circulation  of  the  blood,  as  soon  as  respiration 
begins  a  completely  double  circulation  is  formed. 

After  the  sixth  day  muscular  movements  of  the  embryo  proba- 
bly begin,  but  they  are  slight  until  the  iburteenth  day,  when  the 
embryo  chick  changes  its  position,  lying  lengthways  in  the  eggy 
with  its  beak  touching  the  chorion  and  shell  membrane,  where  they 
form  the  inner  wall  of  the  vapidly  increasing  air  chamber  at  the 
broad  end.  On  the  twentieth  day  or  thereabouts,  the  beak  is 
thrust  through  these  membranes,  and  the  bird  begins  to  breathe 
the  air  contained  in  the  chamber.  Thereupon  the  pulmonary  cir- 
culation becomes  functionally  active,  and  at  the  same  time  blood 
ceases  to  flow  through  the  umbilical  arteries.  The  allantois  shriv- 
els up,  the  umbilicus  becomes  completely  closed,  and  the  chick 
piercing  the  shell  at  the  broad  end  of  the  egg  with  repeated  blows 
of  its  beak,  casts  off  the  dried  remains  of  allantois,  amnion  and 
chorion,  and  steps  out  into  the  world."     (Foster  and  Balfour). 

A  brief  summary  of  the  changes  undergone  by  the  developing 
chick  will  be  seen  to  be  near\y  identical  with  that  of  reptiles : 

1.  Partial  segmentation  of  the  yolk. 

2.  The  embryo  develops  much  as  in  the  bony  fishes  until  the 
embryonal  membranes  appear. 

3.  Formation  of  an  amnion. 

4.  After  the  alimentary  canal  is  sketched  out,  the  allantois  buds 
out  from  it. 

5.  The  avian  features  appear  from  the  sixth  to  the  tenth  day. 

6.  The  embryo  leaves  the  egg  in  the  form  of  the  adult,  and  like 
the  reptile,  is  at  once  active,  feeding  itself. 
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PLANTS  THAT  EAT  ANIMALS.i 

BT   MRS.    MABT  TREAT. 

The  Bladderwort  is  a  common  plant,  growing  in  shallow  ponds 
and  swamps ;  Dr.  Gray  in  his  "  Manual  of  the  Botany  of  the 
Fig.  306.  United  States,"  describes  twelve  species  found  within 
this  range,  and  almost  every  muddy  pond  contains 
one  or  more  of  them.  Some  grow  wholly  or  nearly 
out  of  water ;  but  the  species  which  I  am  about  to 
describe  are  immersed,  with  finely  dissected  leaves 
on  long  stems  floating  in  the  water.  Scattered  among 
the  leaves,  or  along  the  stems  which  are  destitute  of 
leaves,  are  numerous  little  bladders,  the  use  of  which 
we  had  supposed  was  to  float  the  plant  at  the  time  of 
flowering.  The  flowering  stems  of  most  of  the  spe- 
cies are  smooth  and  free  from  leases  or  bladders,  and 
shoot  up  straight  from  the  water  to  a  hight  of  from 
three  to  twelve  inches,  bearing  at  the  top  from  one  to 
ten  curiously- fashioned  flowers  of  a  yellow  or  purple 
color.  It  lias  always  been  taken  for  granted  that 
A  portion   of  these  Kttle  bladders  were  made  to  float  the  plant, 

the   stem,  *^         ' 

"bowing  although  I  had  noticed  that  the  stems  most  heavily 

Natural  size!  laden  with  bladders  sank  the  lowest  in  the  water. 

About  a  year  ago  (in  Dec.  1873),  a  young  man,  now  at  CJornell 

University,  and  myself,  on  placing  some  of  the  bladders  under  the 

microscope,  noticed  animalcules — dead  entomostraca,  etc.,  appar- 

ently  imprisoned  therein.    But  our  attention  was  not  sufl9ciently 

1  This  reprint  with  some  alterations  fl^m  the  '*  New  York  Trlbnne,"  has  been  delayed 
until  the  publication  of  Mr.  Darwin's  last  book  gives  firesh  cause  for  Its  appearance. 
We  are  Indebted  to  the  "  Tribune  >*  for  the  use  of  the  lUustrations. 
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aroused  to  follow  up  the  subject  very  closely ;  we  laughingly  called 
it  '^our  new  carnivorous  plant."  But  as  the  bladders  always 
seemed  to  be  open,  the  significance  of  the  fact  of  the  imprisoned 
animal  was  not  very  apparent.  We  thought  it  could  hardly  be  for 
the  puipose  of  feeding  the  plant,  but  a  kind  of  wanton  cruelty. 
Still,  my  curiosity  was  aroused.  I  soon  found  larger  animals  in 
the  bladders  —  dead  larvae  of  some  aquatic  insect  —  large  enough 

Fig.  808. 


Fig. 307. 


A  ifortion  of  the 
atem  and  leaves, 
destitnte  of  blad- 
ders. 

The  Bladder  of  Bladderwort.  a,  entrance;  b,  tnii- 
nel-like  trap;  c,  point  of  attachment;  d, a  stellate 
point.  This  figure  is  magnified  with  a  low 
power. 

to  be  seen  distinctly  with  the  naked  eye.  But  I  was  not  aroused 
to  earnest  work  until  I  watched  the  movements  of  an  imprisoned 
living  larva,  and  saw  its  struggles  and  final  death.  This  was  in 
October,  1874.  I  now  visited  the  ponds  ^nd  procured  abundant 
material. 

The  plant  that  I  experimented  with  mostly  was  the  one  known 
to  botanists  as  Utricularia  dandeatina. 
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My  next  work  was  to  see  what  prevented  the  escape  of  the 
animal  from  the  bladder,  and  to  this  end  I  directed  all  my  atten- 
tion for  several  days.  The  animal  that  I  found  most  commonly 
entrapped  was  a  Chironomus  larva,  about  the  length  of  the  mos- 
quito larva,  but  more  slender  and  of  lighter  color.  I  have  fre- 
quently trapped  these  snake-like  larvse  and  seen  them  enter  the 
bladders.  They  seem  to  be  wholly  vegetable  feeders,  and  specially 
to  have  a  liking  for  the  long  hairs  at  the  entrance  of  the  bladders. 
When  a  larva  is  feeding  near  the  entrance  it  is  pretty  certain  to 
run  its  head  into  the  net,  whence  there  is  no  retreat.  A  large 
larva  is  sometimes  three  or  four  hours  in  being  swallowed,  the 
process  bringing  to  mind  what  I  have  witnessed  when  a  small 
snake  makes  a  large  frog  its  victim. 

I  worked  with  this  larva  for  several  days,  determined,  if  possible, 
to  see  him  walk  into  the  trap. 

I  put  growing  stems  of  the  plant  in  a  small  dish  of  water  with 
several  larvae,  and  set  it  aside.  In  a  few  hours  thereafter  I  would 
find  the  living  larvae  imprisoned.  This  served  for  another  purpose, 
but  not  for  the  object  I  was  aiming  at.  Forced  to  give  up  this 
plan  of  seeing  the  larvae  enter  the  bladder,  I  now  directed  my 
attention  to  the  smaller  ones — animalcules  proper, — I  placed  the 
bladders  in  water  inhabited  by  numerous  tiny  creatures,  and  soon 
had  the  satisfaction  of  seeing  the  modus  operandi  by  which  the 
victim  was  caught. 

The  entrance  into  the  bladder  has  the  appearance  of  a  tunnel- 
net,  always  open  at  the  large  end,  but  closed  at  the  other  extrem- 
ity. I  find  that  the  net  is  simply  a  valve  turned  in  from  the  mouth 
of  the  bladder,  with  the  outer  edge  surrounded  with  a  densf  mass 
of  hairs,  which  impels  the  larva  forward  and  prevents  the  possi- 
bility of  retreat.  The  little  animals  seemed  to  be  attracted  into 
this  inviting  retreat.  They  would  sometimes  dally  about  the  open 
entrance  for  a  short  time,  but  would  sooner  or  later  venture  in, 
and  easily  open  or  push  apart  the  closed  entrance  at  the  other 
extremity;  As  soon  as  the  animal  was  fairly  in,  the  forced 
entrance  closed,  making  it  a  secure  prisoner. 

Entomostraca  too  were  often  captured  —  Daphnia^  Cydops  and 
Cypris.  These  little  animals  are  just  visible  to  the  naked  eye,  but 
under  the  microscope  are  beautiful  and  interesting  objects.  The 
lively  little  Cypris  is  encased  in  a  bivalve  shell,  which  it  opens  at 
pleasure,  and  thrusts  out  its  feet  and  two  pairs  of  antennae,  with 
tufts  of  feathery-like  filaments.    This    little  animal  was  quite 
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wary,  bat  nevertheless  was  often  canght.  Coming  to  the  entrance 
of  a  bladder  it  would  sometimes  pause  a  moment  and  then  dash 
away ;  at  other  times  it  would  come  close  up,  and  even  venture 
part  way  into  the  entrance  and  back  out  as  if  afraid.  Another, 
more  heedless,  would  open  the  door  and  walic  in ;  but  it  was  no 
sooner  in  than  it  manifested  alarm,  drew  In  its  feet  and  antennae 
and  closed  its  shell.  But  after  its  death  the  shell  unclosed  again, 
displaying  its  feet  and  antennae.  I  never  saw  even  the  smallest 
animalcule  escape  after  it  was  once  fairly  inside  the  bladder. 

So  these  points  were  settled  to  my  satisfaction — that  the 
animals  were  entrapped,  and  killed,  and  slowly  macerated.  But 
how  was  I  to  know  that  these  animals  were  made  subservient  to 
the  plant?  If  I  could  only  prove  that  the  contents  of  the  bladders 
were  carried  directly  into  the  circulation,  my  point  was  gained. 
This  now  was  my  sole  work  for  several  days,  to  examine  closely 
the  contents  of  the  bladders.  I  found  the  fluid  contents  to  vary 
considerably,  from  a  dark,  muddy,  to  a  very  light,  transparent 
color.  Hundreds  of  these  bladders,  one  after  another,  were  put 
to  the  test  under  the  microscope,  and  I  found  that  to  a  greater  or 
less  extent,  I  could  trace  the  same  color  that  I  found  in  the 
bladder,  in  the  stem  on  which  the  bladder  grew,  though  the 
observation  was  not  so  clear  and  satisfactory  as  I  could  wish. 
After  more  critical  examination  I  arrived  at  the  conclusion  that 
the  cells  themselves  and  not  their  contents,  change  to  a  red  color ; 
the  stems  also  take  on  this  color,  so  as  to  make  it  appear  as  if  a 
red  fluid  was  carried  from  the  bladders  into  the  mafn  stem,  which 
is  not  specifically  the  fact  so  far  as  the  observations  yet  made 
determine  ;  though  the  main  point,  that  the  contents  of  the  bladders 
are  carried  into  the  circulation,  docs  not  seem  open  to  question. 

The  next  step  was  to  see  how  many  of  the  bladders  contained 
animals,  and  I  found  almost  every  one  that  was  well  developed 
contained  one  or  more,  or  their  remains,  in  various  stages  of  diges- 
tion. The  larva  of  Chirouomus  was  the  largest  and  most  constant 
animal  found.  On  some  of  the  stems  that  I  examined,  fully  nine 
out  of  every  ten  of  the  bladders  contained  this  larva  or  its  remains. 
When  first  caught  it  was  fierce,  thrusting  out  its  horns  and  feet 
and  drawing  them  back,  but  otherwise  it  seemed  partly  paralyzed, 
moving  its  body  but  very  little ;  even  small  larvae  of  this  species 
that  had  plenty  of  room  to  swim  about  were  soon  veiy  quiet, 
although  they  showed  signs  of  life  from  twenty-four  to  thirty-six 
hours  after  they  were   imprisoned.     In  about  twelve  hours,  as 
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nearly  as  I  could  make  out,  they  lost  the  power  of  drawing  their 
feet  back,  and  could  only  move  the  brush-like  appendages.  There 
was  some  vaiiation  with  different  bladders  as  to  the  time  when 
maceration  or  digestion  began  to  take  place,  but  usually,  on  a 
growing  spray  in  less  than  two  days  after  a  large  larva  was  cap- 
tured, the  fluid  contents  of  the  bladders  began  to  assume  a  cloudy 
or  muddy  appearance,  and  often  became  so  dense  that  the  outline 
of  the  animal  was  lost  to  view. 

Nothing  yet  in  the  history  of  carnivorous  plants  comes  so  near 
to  the  animal  as  this.  I  was  forced  to  the  conclusion  that  these 
little  bladders  are  in  truth  like  so  many  stomachs,  digesting  and 
assimilating  animal  food. .  What  it  is  that  attracts  this  particular 
lai*va  into  the  bladders  is  left  for  further  investigation.  But  here 
is  the  fact  that  animals  are  found  there,  and  in  large  numbers, 
and  who  can  deny  that  the  plant  feeds  directly  upon  them  ?  The 
why  and  wherefore  is  no  more  inexplicable  than  many  another  fact 
in  nature.  And  it  only  goes  to  show  that  the  two  great  kingdoms 
of  nature  are  more  intimately  blended  than  we  had  heretofore 
supposed,  and,  with  Dr.  Hooker,  we  may  be  compelled  to  say, 
"our  brother  organisms — plants." 

About  the  1st  of  December,  after  I  had  made  most  of  my 
observations,  I  wrote  to  Dr.  Asa  Gray  and  to  Mr.  Darwin,  both 
on  the  same  day,  telling  them  of  my  discovery.  Dr.  Gray  then 
informed  me  that  Mr.  Darwin  had  been  engaged  in  the  same  work 
on  UtriciUariaj  and  also  sent  me  a  note  from  him,  bearing  date 
Aug.  5.  From  this  note  it  would  appear  that  at  that  date  he  had 
not  worked  the  matter  up  as  far  as  I  had  —  at  least  had  not  found 
so  many  imprisoned  animals ;  but  with  his  superior  facilities  he 
may  have  far  outstripped  me. 


BEVIEWS  AND  BOOK  NOTICES. 

Allen's  Studies  in  the  Facial  Region.* — Though  these  essays 
are  for  the  most  part  jottings  from  lectures  delivered  to  dental 
students,  naturalists  will  take  an  interest  in  the  last  chapter  on 
the  "  Nomenclature  of  the  Teeth,"  while  the  first  chapter  on  the 
"  Region  of  Expression,"  is  an  interesting  one. 

1  studies  in  the  Facial  Region.  By  Harrison  AUen,  M.D.  Illustrated  with  56  wood- 
cots.   J.  B.  Lippincott  &  Co.    Philadelphia,  1875.    8vo,  pp.  117. 
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Cave-inhabiting  Spiders. — Naturalists  are  paying  much  atten- 
tion to  C2k\^  animals,  and  the  modification  of  their  organs  due  to 
their  life  either  in  twilight  or  total  darkness.  In  some  the  eyes 
are  entirely  wanting,  while  the  appendages  are  variously  modified 
to  remedy,  as  it  were,  the  loss  of  eyesight.  M.  Simon  of  Paris  has 
lately  published  in  the  "  Annales  of  the  Entomological  Society  of 
France,"  an  interesting  memoir  on  certain  new  spiders  and  allied 
forms  inhabiting  cither  caves  or  subterranean  abodes  in  the  soil  of 
southern  Europe.  Some  of  these  arachnids  live  simply  in  porous 
soil,  but  at  great  depths,  and  probably  in  small  galleries.  Such 
species  he  calls  hypogeal  (hypoges)  and  they  belong  to  the  same 
genera  as  the  cave-inhabiting  arachnids,  and  often  the  species  are 
so  nearly  allied  that  it  would  seem  as  if  the  same  species  might  live 
both  in  caves  and  under  the  soil,  and  he  thinks  certain  troglodyte 
arachnids  may  live  also  in  porous  soil.  Several  tave-inhabiting 
arachnids  want  eyes,  such  are  Anthrobia,  Hadiles  and  Stalita^  but 
he  thinks  this  is  a  character  of  minor  importance,  since  it  is  owing 
to  external  conditions  slowly  produced  after  a  series  of  genera- 
tions. Thus  M.  Thorell  has  described  a  Stalita  Schiodtii^  which 
taken  at  the  entrance  of  a  cave,  living  in  twilight,  has  rudimentary 
eyes,  while  the  other  species  of  the  same  genus  living  in  total 
darkness  has  none.  All  the  light-shunning  arachnids,  both  trog- 
lodyte and  hypogeal,  have  several  features  in  common  which  show 
at  once  their  kind  of  life.  Their  skin  is  thin,  colorless,  without 
the  fine  hairs  usually  clothing  the  body  of  other  arachnids,  but 
furnished  here  and  there  with  long  stiff  hairs,  which  doubtless  in- 
crease their  sensitiveness.  Their  limbs  are  slenderer  and  longer 
than  in  their  congeners  living  in  the  light,  as  has  been  noticed  by 
American  observers.  Of  this  Stalita  and  Blothrus  are  striking 
examples,  as  these  two  arachnids  belong  to  two  groups  repre- 
sented respectively  by  Dysdera  and  Obisium^  in  which  the  limbs 
are  short  and  stubby.  These  long  appendages,  adds  M.  Simon, 
thus  modified,  are  perfectly  adapted  to  a  life  in  the  dark ;  the 
slender,  long  feet,  garnished  with  stiff  hairs,  are  organs  of  a 
delicate  sense  of  touch,  which  make  up  for  the  absence  of  eyes. 
The  large  fingers  (cheliceres)  are  organs  of  distant  prehension, 
which  enable  the  species  of  the  genus  Cyphophthalmus  (remotely 

(663) 


Digitized  by  VjOOQIC 


664  zooLOGr. 

allied  to  the  harvestmen)  to  detect  at  a  distance  prey,  which  they 
are  unable  to  pursue,  while  the  nearest  allied  external  form  is  a 
species  of  Troguhis  in  which  the  appendages  of  the  head  are  so 
short,  that  a  slight  advance  of  the  front  suffices  to  cover  them. 
Here  we  see  specific  and  generic  characters  induced  by  differences 
in  the  conditions  of  life,  that  are  patent  to  the  most  casual  ob- 
server. Hence  the  most  telling  facts  for  the  theory  that  the  dif- 
ferent forms  of  life  are  induced  by  changes  in  life  and  the  environ- 
ment of  the  plant  or  animal,  are  afforded  by  cave  animals.  Our 
country  abounds  in  such  cases,  and  it  is  hoped  that  naturalists  will 
explore  them  thoroughl}',  as  many  novelties  may  be  expected. 

Digestion  in  Insects.  —  M.  Plateau  finds  that  when  the  sali- 
vary glands  of  insects  are  not  diverted  from  their  primitive  func- 
tion to  become  silk  or  poison  glands,  they  secrete  a  neutral  or 
alkaline  liquid,  possessing  at  least  as  regards  one  pair,  the  prop- 
erty characteristic  of  the  saliva  of  vertebrate  animals  of  rapidly 
transforming  starch  matters  into  soluble  and  assimilable  glycose. 
The  change  is  effected  in  a  posterior  dilatation  of  the  oesophagus. 
At  this  place  results  in  the  carnivorous  insects  a  transformation 
of  albuminous  matters  into  soluble  substances  like  peptone,  and 
in  vegetable-feeding  species  an  abundant  production  of  sugar  out 
of  the  starchy  matter  eaten.  When  digestion  has  taken  place  in 
the  oesophagus  it  is  submitted  to  an  energetic  pressure  in  the 
gizz(ird  or  proventriculus  which  is  armed  with  teeth.  It  thus 
seems  that  this  is  not  an  apparatus  for  crushing  the  food,  but  for 
expressing  the  liquid  from  the  food  triturated  by  the  jaws.  In  the 
stomach,  or  middle  intestine,  as  Plateau  calls  it,  the  food,  is  again 
submitted  to  the  action  of  an  alkaline  or  neutral  liquid  secreted 
by  local  glands,  present  in  the  Orthoptera,  or  by  a  great  number 
of  small  glandular  caeca  as  in  many  beetles,  or  by  a  simple  lin- 
ing of  epithelial  cells.  This  fluid  has  no  analogy  with  the  gastric 
fluid  of  vertebrate  animals.  Its  function  differs  according  to  the 
group  to  which  the  insect  belongs.  In  the  carnivorous  beetles 
it  makes  an  emulsion  of  the  greasy  matters ;  in  the  Hydrophilid 
beetles  it  continues  the  conversion  of  starch  into  glycose,  begun 
in  the  oesophagus.  In  the  caterpillars  of  the  butterflies  and  moths 
it  determines  a  production  of  glycose  and  makes  an  emulsion  of 
greasy  matters,  and  in  the  grasshoppers  no  sugar  is  formed  in  the 
intestine,  as  this  material  is  produced  and  absorbed  in  the  oesopha- 
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gns  (jabot).  The  intestine  proper  is  only  a  foecal  reservoir.  The 
urinary  or  Malpighian  tubes  sometimes  secrete  calculi.  No  bile 
has  been  found  in  the  secretions  of  these  tubes.  A  point  of  great 
importance  is  touched  upon  by  the  author,  namely :  the  passage 
of  the  chyle  from  the  stomach  to  the  blood.  It  is  well  known 
that  there  are  in  Articulates  no  lacteals  as  in  Vertebrates  to  effect 
this  process.  Plateau  states  that  the  products  of  digestion  pass 
through  the  walls  of  the  digestive  canal  by  an  osmotic  action  and 
directly  mingle  with  the  blood. 

Horny  Crest  on  the  Mandible  of  the'  Female  White  Peli- 
can AS  well  as  the  Male. —  In  all  the  standard  works  on  the 
Birds  of  North  America,  it  is  stated  that  the  horay  crest  or 
"  button  "  on  the  upper  mandible  of  the  white  pelican  (Pelecanus 
erythrorhynchus)  is  exclusively  a  male  appendage.  I  dissected, 
April  20th,  1875,  an  adult  female  of  this  species  whose  ovaries 
contained  eggs  in  all  stages  of  development.  This  bird  was  in 
full  plumage,  having  the  feathers  of  the  head  and  breast  conspicu* 
ously  elongated  and  f^lso  having  &  full-sized  hoi'ny  "  button^*  on  the 
upper  mandible. —  F.  H.  Snow,  Lawrence^  Kansas. 

The  "Western  Nonpareil  in  Michigan. — On  the  15th  day  of 
May  last.  Dr.  H.  A.  Atkins  of  Locke,  Ingham  Co.,  Mich.,  shot 
and  sent  me  a  fine  specimen,  male,  of  Cyanospiza  versicolor^  which 
I  have  mounted  and  have  now  in  ray  collection.  Baird,  Brewer, 
and  Ridgway's  "North  American  Birds"  contains  the  following 
note  on  this  species:  "This  beautiful  species  has  only  doubtful 
claims  to  a  place  in  our  fauna.  It  is  a  Mexican  species  and  may 
occasionally  cross  into  our  territory.  It  was  met  with  at  Boquillo, 
in  the  Mexican  state  of  New  Leon  by  Lieutenant  Couch.  It  was 
procured  at  Guatemala  by  Dr.  Van  Patten  and  by  Salvin,  and  is 
given  by  Bonaparte  as  from  Peru.  It  is  also  found  at  Cape  St. 
Lucas,  where  it  is  not  rare,  and  where  it  breeds." 

It  was  shot  in  the  vicinity  of  some  Indigo  birds,  C.  cyanea,  on 
the  first  day  of  their  appearance  in  this  locality. — J.  M.  B.  Sill, 
Detroit^  Mich. 

MICROSCOPY. 

A  NEW  WARM   STAGE  FOR  THE  MICROSCOPE. —  Prof.  E.  A.  Schafcr 

of  University  College,  London,  finding  the  warm  stages  already 
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in  use,  such  as  Strieker's,  deseribed  by  Klein  in  Sanderson's  Hand 
Book,  to  be  clumsy  and  difficult  to  manage  with  precision,  has 
contrived  an  apparatus  which  is  moderately  easy  to  prepare  and 
use,  and  extremely  precise  in  its  results.  It  consists  essentially 
of  three  parts,  the  stage,  the  hot-water  reservoir,  and  the  gas 
regulator** 

The  stage  is  a  hollow  brass-box,  closed  at  every  point  except  an 
inlet  pipe  at  one  end  and  an  outlet  pipe  at  the  other.  Through 
the  centre  of  the  stage  is  an  opening  or  centre  chamber  for  the 
transmission  of  light  through  the  object.  This  chamber  is  closed 
above  and  below  with  cover-glasses,  upon  the  upper  of  which  the 
object  rests.  It  communicates  with  the  external  air  by  a  hori- 
zontal tubular  opening  through  which  a  thermometer  may  be  in- 
troduced to  test  temperature,  or  tubes  for  the  introduction  of 
gases  or  other  reagents,  but  has  no  communication  with  the  gen- 
eral cavity  of  the  stage. 

The  reservoir  consists  of  a  vertical  bras9  cylinder,  containing 
hot  water,  which  is  heated  by  a  gas  flame  below.  From  the  top  of 
this  reservoir  the  hot  water  passes  with  a  slight  ascent  through  a 
flexible  rubber  tube  to  one  end  of  the  stage,  through  the  length  of 
the  stage  and  back  by  a  descending  course  through  a  rubber  tube 
to  the  bottom  of  the  reservoir.  This  is  a  closed  circuit  entirely 
filled  with  water,  the  hot  water  rising  on  one  side  and  the  cooled 
water  falling  on  the  other,  precisely  as  the  water  pipes  in  the 
kitchen  stove  or  range  heat  the  copper  boiler  which  supplies  the 
hot  water  pipes  of  our  houses.  The  reservoir  is  made  hollow  for 
the  reception  of  the  gas  regulator. 

The  gas  regulator  is  not  unlike  a  thermometer  with  the  top  of 
the  tube  broken  off.  A  steel  tube  with  a  narrow  slit  in  one  side  is 
cemented  tightly  into  the  top  of  the  glass  tube  of  the  regulator, 
and  delivers  the  gas  inside  of  the  glass  tube  and  some  distance 
below  its  upper  end.  The  glass  tube  has  a  side  opening  above  the 
level  of  the  bottom  of  the  steel  tube,  from  which  the  gas  is  carried 
by  a  flexible  tube  to  the  burner  beneath  the  reservoir.  The  regu- 
lator is  filled  with  mercury  which,  when  the  required  temperature 
has  been  attained,  is  adjusted  so  as  to  just  touch  tlie  bottom  of 
the  steel  tube,  the  flame  below  the  reser\'oir  being  only  preserved 
by  the  gas  which  escapes  through  the  slit  in  the  steel  tube,  but  the 
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least  decrease  in  temperatare  allowing  the  mercury  to  fall  and  the 
more  freely  escaping  gas  to  increase  the  flame.  The  adjustment 
of  the  mercury  to  the  exact  height  required  is  accomplished  by  a 
screw  which  works  through  a  steel  collar  on  the  side  of  the  glass 
tube  and  which  by  working  in  or  out  gives  the  requisite  change  of 
capacity  to  the  reservoir.  This  adjusting  screw  is  the  most  diffi- 
cult part  of  the  apparatus  for  construction  by  an  amateur,  and 
may  be  omitted,  the  adjustment  being  accomplished  by  sliding  the 
steel  tube  up  or  down  until  its  lower  end  just  touches  the  mercury 
after  the  desired  temperature  has  been  reached,  in  which  case  it, 
of  course,  is  not  cemented  into  the  glass  tube  but  made  to  slide 
into  it  through  an  air-tight  packing.  The  proximity  of  the  objec- 
tive probably  reduces  somewhat  the  temperature  of  the  object, 
and  if  great  exactness  is  essential,  an  additional  current  of  hot 
water  may  be  carried  through  a  flexible  tube  which  is  coiled  around 
the  objective.  The  apparatus  is  described  and  figured  in  the 
"  Quarterly  Journal  of  Microscopical  Science." 

Cox's  Turntable. —  Miller  Bros,  of  New  York  have  made  an 
improved  form  of  this  excellent  contrivance,  which  is  marked  by 
its  handsome  iron  stand  and  its  careful  adjustment  of  the  centring 
movements.  If  the  real  convenience  of  this  table  were  known 
its  use  would  soon  become  general. 

NOTES. 

Messrs.  Henrt  Holt  &  Co.,  New  York,  will  publish  in  January 
"  Life-Histories  of  Animals,  including  Man,"  by  A.  S.  Packard,  Jr., 
containing 'the  papers  which  have  appeared  during  the  past  year  in 
the  Naturalist,  with  additional  chapters  and  some  changes  and 
additions. 

notice  to  subscribers. 

As  announced  in  our  last  number,  the  American  Naturalist  will, 
after  this  issue,  be  published  by  Messrs.  H.  O.  Houghton  &  Co., 
of  Boston,  Mass.,  the  former  proprietors  having  dissolved  partner- 
ship. It  will  hereafter  be  edited  by  A.  S.  Packard,  Jr.,  with  the 
assistance  of  eminent  men  of  science. 

It  is  hoped  that,  from  the  substantial  interest  taken  in  the  con- 
duct of  the  magazine  by  kind  friends,  a  new  lease  of  life  awaits  it. 

Much  more  matter,  equivalent  to  over  fifty  pages,  due  to  the 
increased  size  of  the  page,  will  be  put  in  the  next  volume,  and 
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several  new  depaitments  added,  while  the  magazine  will  be  more 
popular  in  character  than  of  late. 

The  January  number,  with  an  attractive  table  of  contents,  will 
be  sent  out  to  past  subscribers,  and  it  is  earnestly  hoped  that  all 
will  give  the  next  volume  a  trial,  and  induce  others  to  subscribe. 
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Cooking  stones,  183. 

Copepods,  585. 

Coral,  219. 

Cordylanlhus,  846. 
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(669) 


Digitized  by  VjOOQIC 


670 


INDEX. 


Dngong.  189. 
Dunes,  875. 
Du8t,  cofeinfcal,  848. 
Dysteria,  41. 

Eagle,  golden,  7S. 
Earth  worm,  fi64. 
Ecbinodei-me,  235. 
Echinorhynchus,  809, 870. 
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Eoceue  mammals,  182. 
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Flowers,  fertilization  of,  203. 

relations  of  to  insects,  245. 
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Freezing  tissues,  254. 
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Garpike,  fossil.  248. 

Gastropoda,  298. 

Gastrula,  171, 368. 

Gentiana,  310. 

Geology  of  Colorado,  178. 

Geology,  summer  school  of,  118. 

Geophilus,  60U. 

Gepnyrea,  5b0. 
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Glaciers,  814. 

Glass,  covering,  120. 

Gopher,  147. 

Grasshopper,  312, 678. 

Halcnropa,  221. 
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Humerus,  perforation  of,  487. 
Hydra,  160, 102. 
Hydrattinia,  164. 
Hydrolda,  160. 

Ibis,  470. 
Ichthvomis,  625. 
Illinois,  plants  of,  886. 
Uluminator,  028. 
Indian  Cemetery,  206. 
Indian  mill,  248.* 
Indian  i  emains,  410. 
InfusorlH,  87. 
Insects,  006. 

digestion  In,  664. 

dibtribution  of,  809. 488. 

mounting,  122. 

of  caves,  274, 278. 

relation  of  to  flowers,  846. 
Isotoma,  616. 


Julas,  008. 
Juniparus,  140. 

Kentucky,  cave  fauna  of,  278, 878. 
King  crab,  5, 11,589. 

Labyrinthula.  37. 

Lake  basins,  119. 

LamcUi  branch  mollnsks,  888, 884. 

Lark  bunting,  426. 

Leaves,  f^tained,  575. 

Leecii,  508. 

Lens,  condensing,  253. 

Lepidium,208. 

Lepidurus.  812. 

Lepit>ma  scales,  68. 

Leptodera,  519. 

Lemeonema,  587. 

Libinia,  600. 

Ligusticum,  271. 

Lminadia,  598. 

Limnsus,  301. 

Limulus,  422, 511,  589. 

Linguatula,  Oil. 

Linyphia,275,279. 

Lizurds,  fossil,  574. 

Lobsier,  C08. 

Loligo,  80, 808. 

Lotus,  178. 

Louse,  021. 

Lupa,  OOu. 

Lupinus,  270. 

Mammals,  Eocene,  182. 

Mammoth  Cave,  274, 878, 410. 

Maneiiia.  118. 

Mahlodon,  56. 

MedusaB,  170. 

Megaloteutliis,81,84. 

MclU'eitum,167. 

Meutzelia.  271. 

Menyanthes,  468, 

Metazoa,  66. 

Mice,  515. 

Micro-cabinet  Club, 249. 

Micrography,  521. 

Micrometer,  186. 

Microscope,  023. 

Microticopical  Societies,  184. 

Mites.  010. 

Molgula,  553. 

MolFusca.  282. 

Monas,  38,  39,  44. 

Morula,  1H2. 

Moi^fes,  378. 

Moths,  geometrid,  179. 

Mound  builders,  821, 898. 

Mummy,  433. 

Musk  Sheep,  847. 

Museel,  288. 

AlyoblH,  010. 

Myiio|>ods,  277. 606. 

Myriozoum,  441. 

Mytllus,  288, 291. 

Nanomla,  109. 
Nareda,  304. 
Naup]iu8,  586,  601. 
Nel)nli.i.6i)5. 
Nelumbiura,  178. 
Nematelminthes,  807. 
Nematoids,  470. 
Nemej-toans.  888. 
Nemertes,  863. 
NesticuH,  276, 879. 
Nootiluca,  40. 
Ijonpareil,  666. 
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Notholaena,  140,  351. 

Objectiyes,  263.  316. 
Odontolcse.  H30. 
Odontoriiithes,  G26. 
Odontotormje,  630. 
(Enotbera,  27u.  * 
Onisciis.  no,  588. 
Ophioneurus,  61d. 
Ophiura,  226. 
Oporornis,  673. 
Otttrncoiles,  688. 
Oyster,  285. 
Ozonium,  277. 

Pararaecfnni,  87. 
Pectinatella,  443. 
Pelican,  665. 
Peltogaster,  684. 
Peuaeus,  600. 
Pentuctii,  223. 
Pentafitoma,  611. 
Peridinea,  41. 42. 
Peripatiis,  353. 
Petalonyx,  144, 271. 
PhalUisiu,  654 
Pboronis,  564. 
Pbylloiloce,  566. 
Phyllopods,  311, 502. 
PbvBalia,  169. 
Pilidlum,  3({3. 
Pill  bugs.  110. 
Pine  8nake,  1, 424. 
Pitiiopbis.  1. 
Plan  ana,  856. 
Plaiiocera,  355. 
Plaut8,CJiniivoroii8,  658. 

circulation  in.  110. 

lertilization  of,  374, 421. 

respii-ation  in,  111. 
Planiila,  1«7. 
Platyelminthes,  354. 
Platygasler.  617. 
Pleiirobrachia,  223. 
Pluteiis,  2:i5. 
Podiu-a,  616. 

scales.  63. 
Polydesnius,  607. 
Polydora,  666. 
Polyuenia,  618. 
Polyp,  219. 
Polypo4tinm,  111. 
Polyxeuia,  170. 
Polyxcniis.  607. 
Polyzoa,  441. 
Porjftjra,  96. 

Portiigiiese-man-of-war,  109. 
Pottery,  321,  396. 
Prairie  mice,  515. 

Warbler,  690. 
ProBtomiim,  854. 
Protococcus,  129, 675. 
Protoliydra,  160. 
Protozoa,  68,  87. 
Psathy  rotes,  272. 
Ptcropotis.  294. 
Paccinia,  572. 
Purpura,  298. 

Radiates,  160, 218. 

Red  Snow,  575. 

Reptiles,  645. 

Rocks,  disintegration  of,  471. 

Rotatoria,  371. 

Rotifers,  871. 

Bacculina,  584. 


Sagitta,  369. 

Salpa,  5.50. 

Sciurus,  504. 

Scorpion,  613. 

Scorpion,  false,  612. 

Section  cutter,  316. 

Seeds,  145. 

Selachians,  634. 

Sepia.  :m. 

Sepiola,  3a3. 

Sequoia.  571. 

Shark,  684. 

Sheplierdia,  350. 

Ship  worm,  289. 

Sida,  588. 

Siphonouhores,  168. 

Sipunculus,  560. 

Sisco,  185. 

Skat*',  634. 

Snail,  247, 292, 801, 313. 

Snake^  1, 424. 

Snow,  red,  129. 

Sow-bug,  598. 

Species,  distribution  of,  181. 

Sphieraphides,  125. 

Sphenuophilus,  147. 

Sphinx,  620.  622. 

Spiders,  108,  614.  663. 

of  caves,  274, 278. 

web,  125. 
Spirorbis,  5<{5. 
Spirostrephon,  277. 
Sponges.  96. 
Spring  clamp,  251. 
SquanielliH  371. 
Squirrel,  504. 
Staining  tissues,  121. 

wood,  376. 
Starfish.  229. 
Starch,  198,  380,  509. 
Stenograroma,  811. 
Stentor,  8». 

Sterna  longipennis,  M. 
Stomobracninm,  167. 
Strongylosoma,  606. 
Styliola,  294. 
Suliivantia,  572. 
Survey,  geological,  156, 240. 
Swamp.  Dismal,  260. 
Sycon,  106. 

Symphoricarpns,  148, 272. 
Synapta,  226. 

Tachina,  519. 
TaeniH,3fi0. 
Tamias,  601. 
Tape  worm,  860. 
Tardigrade.  611. 
Telca,  113.620. 
Terebratulina,  445. 
Tercbrelltdes,  666. 
Teredo.  289. 
Teiradecapods.  596. 
Thelcsperma,  272. 
Thousand-legs,  603. 
Thread  worms,  367. 
Thnish,  114. 
Thryothorus.  469. 
Thysanura,  616,  022. 
Ticks,  611. 
Tillodontia,  182. 
Tillotherium,  182. 
Toad,  642. 
Tooth  shell.  203. 
Tornaiia,  561. 
Trematodes,  866. 
Trichina,  368. 
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Vanessa,  »47. 
VrtiietieH,  253. 
VltiB,  2m. 
VorlicelJa,  89. 

Warbler,  Prairie,  fl 
Water  bear,  GU. 
Wax  win^,  77. 
Weevil,  112. 
Whisile,  314. 
Wi8taria,  am. 
Worms,  302,  661. 
Wren,  46«. 

Tucca,  141. 

Zamia,  M)9. 
Zizania.  110. 
ZoSa,  (iOl. 
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